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ABSTRACT 
Lentinula edodes (Xianggu Mushroom in Chinese) is the second most 
popular cultivated edible mushroom in the world. The economic, nutraceutical and 
pharmaceutical importance of L. edodes encouraged us to make efforts to improve its 
quality and quantity. In this study, a molecular approach was used to understand the 
molecular mechanism governing the fruit body development of L. edodes and 
ultimately to improve it through molecular manipulation. 
To gain more gene information on fruit body development of L. edodes. 
Expressed Sequence Tags (ESTs) were collected to identify genes expressed in the 
initiation step of fruiting formation ~ primordium. About 300 different ESTs were 
obtained from about 400 random partial sequences. About 56% of the ESTs were 
found to show moderately to highly significant matches to genes in the NCBI 
GenBank database, while approximately 44% of the ESTs showed weakly or no 
significant match to previously identified genes. Among genes with putative 
homologs, 34% are involved in protein synthesis, 21% in metabolism, 7% in RNA 
synthesis and 7% in cell defense. Small proportions of ESTs are involved in cell 
signaling (5%), cell structure (5%) or cell division (1%). Results from reverse dot-
blot hybridization, which analyzed the expression patterns of identified cDNA clones 
in mycelial and primordial stages, showed that 154 of 235 EST (66%) are 
differentially expressed. Among them, 145 ESTs are more highly expressed in the 
primordium. Based on their expression pattems, It is proposed that the requirements 
for cell communication, cell defense, RNA and protein synthesis, and metabolism are 
higher for fruit body initiation than for mycelial growth. Moreover, since genes 
involved in different cellular functions showed differential expression pattems, it 
i 
seems that fruit body initiation is a complicated process that depends on integral 
functions of genes involved in different cellular roles. 
Mushrooms are formed in response to environmental cues and other factors. 
It is important to understand how stimuli are transmitted through signaling pathways 
to influence the fruiting process. Full-length sequence of genes that may involve in 
signaling pathways were obtained, including genes encoding heterotrimeric G 
protein a, P, and y subunits, Ras-related protein RAB7, and developmentally 
regulated GTP-binding protein. They are designated Le.Gal, Le.Gfil, Le.Gyl, 
Le.Rab7 and Le.Drg, respectively. Transcriptional analysis of these genes in different 
developmental stages showed that they are differentially expressed during fruit body 
development: Le.Gal may act as negative regulator for fruit body development, 
Le.Gpl and Le.Gyl may be important for fruit body initiation, and Le.Rab7 and 
Le.Drg may be important for fruit body initiation and maturation. 
To characterize the functions of L. edodes genes, yeast complementation and 
over-expression tests were used, focusing on the pheromone signaling pathway in 
Saccharomyces cerevisiae. Results from complementation tests showed that Le.Gpi 
and Le.Gyl can not functionally complement with yeast STE4 and STE18’ 
respectively. Over-expression of Le.Gpi and Le.Gyl in wild type yeast also showed 
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Abbreviations used in this thesis without definition include: 
a.a. amino acid(s) 
BSA Bovine serum albumin 
bp base pair(s) 
cAMP Cyclic adenosine monophosphate 
cDNA Complementary DNA 
dATP Deoxyadenosine triphosphate 
dCTP Deoxycytosine triphosphate 
DEPC Diethylpyrocarbonate 
dGTP Deoxyguanosine triphosphate 
DNA Deoxyribonucleic acid 
DTT Dithiothreitol 
dTTP Deoxythymine triphosphate 
EDTA Ethylene diamine tetra-acetic acid 
GPD Glycerol-3 -phosphate dehydrogenase 
kb kilobase(s) 
kDa kilodalton(s) 
Mb Million base(s) 
MOPS 3-P^-Morpholino] propanesulfonate 
PCR Polymerase chain reaction 
PEG Polymethylene glycol 
RNA Ribonucleic acid 
rRNA Ribosomal RNA 
SDS Sodium dodecyl sulfate 
Tris Tris (hydroxmethyl) aminomethane 
UTR Untranslated region 
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Chapter One Literature Review 
1.1 Introduction 
As the continuing increase of world population, human beings are facing 
three basic problems: food shortage, serious environmental pollution and reducing 
quality of human health. Cultivation of mushroom, regarded as "the non-green 
revolution" (Chang, 1996), was suggested to be a desirable solution because it not 
only converts the lignocellulosic biomass waste into food but also synthesizes multi-
beneficial products to human beings. Addition to continuing improvements in quality, 
quantity, and breeding and cultivation technologies of mushrooms, cultivation of 
mushroom is undoubtedly becoming the global necessity for human. 
Lentinula edodes (Berk.) Pegler (common names include: Xianggu or 
Shianggu in Chinese, Shiitake or Oak mushroom in Japanese and Tungku in 
Cantonese) was originated in Chifia during Dynasty (960 - 1127 A.D.)(Chang and 
Miles, 1987). L. edodes belongs to the Family of Tricholomataceae ofthe Class of 
Basidiomycetes in the Kingdom of fungi (Chang and Miles, 1989). The world 
production ofL. edodes was 393,000 and 826,200 metric tons in 1990 and 1994 
respectively, becoming the second most cultivated edible mushroom in the world 
(Chang and Miles, 1991; Chang, 1996). In the United States, the sales ofZ,. edodes 
was 8.24 million pounds for the 1998 - 1999 season. 
Good appearance, chewy texture and meaty flavor of L. edodes make it to 
be the most popular mushroom in Chinese and Asian cuisine. Indeed, it is not 
surprising to find this mushroom in any Chinese restaurants. The special flavor of L 
edodes was identified to come from a flavor inducer guanosine 5'-monophosphate 
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OSfakajima et al., 1961; Mouri et al., 1969) and an aroma bearing substance 
lenthionine (Morita and Kobayashi, 1966). L. edodes also contains nutraceutical and 
pharmaceutical properties including high nutritional values (Crisan and Sands, 1978; 
Royse and Schisler, 1980), hypocholesterolaemic effect (Chibata et al,’ 1969; Tensho 
et al, 1974; Tokuda et al” 1974)，anti-tumor and anti-viral activities (Fujii et al, 
1978; Tochikura et al.，1987; Chihara, 1992) as well as immunopotentiating natures 
(Chihara, 1992). 
Because of economic, nutraceutical and pharmaceutical importance of L 
edodes, studies on the development of this mushroom especially on fruit body 
formation are inevitably important in order to improve its quality and quantity, and 
reduce the cost and time on mushroom production. Conditions for optimal growth of 
L. edodes in different stages were generally established (Przybylowicz and 
Donoghue, 1988). Besides physiological and chemical studies ofL. edodes’ genetic 
and molecular approaches were continually applied to study the mechanisms 
governing its fruit body development. Advantageous information from the studies of 
other mushrooms such as Agaricus bisporus’ Coprinus cinereus, Pleurotus ostreatus 
and Schizophyllum commune intimated the meaningful cues for intensive studies of L 
edodes. Researches on C. cinereus and S. commune found that sexual establishment, 
dikaryon maintenance, and fruit body formation are regulated by mating-type genes 
(reviewed by Wessels, 1994; Casselton and Olesnicky, 1998). Furthermore, 
hydrophobin genes, fruiting regulated genes and many differentially expressed genes 
play consequential roles on fruit body development (reviewed in 1.5.2). So far, 
molecular events governing fruit body formation of mushrooms are not very clear 
and intensive genetics and molecular studies should be continued. 
To add more informative gene collections of this mushroom, we have been 
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sequencing random cDNA clones to generate Expressed Sequence Tag (EST) from a 
cDNA library of primordium. This also aims to find out the blueprint of genes 
expressed in the initiation stage. To find out genes responsible for fruit body 
initiation, dot blot hybridization analysis of identified genes focusing on mycelial 
and primordial stages was done to screen genes differentially expressed in primordial 
stage. It is proposed that primordium specific genes may play important roles in fruit 
body initiation because genes responsible for certain function(s) will be expressed as 
mRNA. Mushroom is formed in response to environmental cues and other factors. 
Understanding of how stimuli are transmitted through signaling pathways to 
influence the fruiting process is therefore important. Therefore, genes involved in 
signaling pathways will be selected for further characterization. Transcriptional 
analysis of gene interests will be performed to predict their functions on fruiting 
process based on their expression patterns during fruit body development. 
Furthermore, to get more intensive functional information on interesting genes, yeast 
complementation and over-expression tests will be performed. However functional 
characterization of L. edodes genes using foreign system is not an ideal method. It is 
hoped that upon the development of an effective transformation system in L. edodes’ 
the functions of mushroom genes can be clear so that improvement on this 
mushroom can be finally achieved by molecular modification. 
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1.2 Nutraceutical and Medicinal Properties ofZ,. edodes 
L. edodes, because of its integrally healthy nutrients, has a reputation of an 
"elixir of life" in Eastern cultures (Imazeki, 1980). Many biochemical and clinical 
researches since the 1960s proved that L edodes has high value nutrients, low fat 
content, and medicinal and tonic properties including hypocholesterolaemic, anti-
tumor, anti-viral, and immunopotentiating effects. 
1.2.1 Nutritional value 
One of the nutritional benefits of L. edodes is high quality protein content. 
Crisan and Sands (1978) reported that about 13.4 % to 17.5 % of protein on dry 
weight basis and all nine essential amino acids for humans were found in L edodes. 
The quantity and quality of protein in L. edodes was thought to be higher than com, 
tumips, potatoes, tomatoes and carrots (Royse and Schisler, 1980). 
L. edodes also contains relatively large amount of carbohydrate ranged from 
67.5% to 78.0% on a dry weight basis. The carbohydrates consist of a wide variety of 
components including pentoses, methyl pentoses, hexoses, disaccharides, amino 
sugars, sugar alcohol and sugar acids (Crian and Sands, 1978). Polysaccharides in L 
edodes, such as lentinan was well characterized to be used as an anti-tumor, anti-viral 
and immunopotentiating agent (Chihara, 1992). Fiber content in L edodes is from 
7.30/0 to 8.0% on a dry weight basis (Crian and Sands, 1978). Insufficient fiber 
intake may cause higher risk of colonic cancer, coronary disease and other illnesses 
in human. Therefore, L. edodes is a good source offiber, which is an important factor 
to achieve a balanced and healthy diet. 
L. edodes contains only 4.9-8.0 % of fats per dry weight. About 72-80% of 
the total fatty acids is unsaturated (Huang et al” 1989) fatty acids in which 54-76% is 
4 
linoleic acid. High levels of linoleic acid and the relatively low content of saturated 
fatty acids is a significant contributor to the health value of this mushroom. 
L. edodes is also a good source of vitamins and minerals. Vitamin B, 
(thiamine), Vitamin Bj (riboflavin), niacin and ascorbic acid were found in fresh 
mushroom while Vitamin D was increased after sun drying. The major mineral in L. 
edodes include potassium, calcium, phosphorus, sodium and iron (Crian and Sands, 
1978; Buswell and Chang, 1993). 
1.2.2 Hypocholesterolaemic effect 
Ingestion of L. edodes was proved to reduce total plasma cholesterol and 
serum cholesterol levels in rat and man respectively (Kaneda and Tokuda, 1966). 
An active component of L. edodes, lentinan or eritadenine, was identified and proved 
containing hypocholesterolaemic effect due to its ability of accelerating the 
conversion of low-density lipoproteins (LDLs) to high-density lipoproteins (HDLs) 
in the liver and increasing cholesterol excretion into the feces (Chibata et al., 1969; 
Tensho et al., 1974; Tokuda et al.’ 1974; Tokuda and Kaneda, 1976). 
1.2.3 Anti-tumor effect 
A polysaccharide was extracted from L edodes and known as lentinan 
(Chihara et al.’ 1970; Taguchi and Iwai, 1974). Purified lentinan is a (l+3)-P_D-
glucan with (1^6)-P-D-glucopyranoside branches, exerting prominent antitumor 
activity in murine allogeneic, syngeneic and autochthonous hosts (Chihara et al.’ 
1970; Zakany et al, 1980; Suga et al., 1984). Clinical studies found that lentinan 
inhibited the growth of sarcoma 180 in mouse (Chihara, 1992; Suga et al.’ 1984). 
Chihara (1992) suggested that the effect of lentinan against sarcoma is not a direct 
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cytotoxic effect but is host-mediated. Lentinan was also reported to reduce the cancer 
of the bowel, pancreas, gastrointestinal tract, liver, lung, breast and the ovaries 
(Flynn, 1991; Chihara, 1992). Carcinogenesis inducing chemicals such as 
methylcholanthrene and N-nitroso, and cancer metastases were also prevented by 
lentinan (Suga et al.，1984; Chihara et aL, 1987; Kurashima et al,’ 1990). 
Furthermore, Kurashima and his colleagues (1990) found that thiazolidine-
4-carboxylic acid (TCA), found in boiled dried L edodes” is an effective nitrite 
trapping agents to prevent the formation of carcinogenic N-nitroso compounds 
1.2.4 Anti-viral effect 
Lentinan is effective against Adenovirus type 12, Abelson virus, and VSV-
encephalitis virus, prolonging the survival time or even curing these infections in 
animal models (Byrum et al.，1978; Chihara, 1992). By combining with another 
antiviral drug such as AZT which is now commonly used to treat AJDS patients, 
lentinan or sulphated lentinan showed the more effective suppression on the surface 
expression ofHIV antigens than AZT alone (Tochikura et al, 1987; Yoshida et al.’ 
1988; Chihara, 1992). Another anti-viral polysaccharide, KS-2, which mainly is 
麵 
composed of alpha-linked mannose and a small amount of peptide, was extracted 
from culture mycelium of L. edodes and shown to have anti-viral activities by 
inducing the production ofinterferon (Fujii, 1978). 
1.2.5 Immunopotentiating effect 
Lentinan was regarded as a host defense potentiator (HDP) as it has no 
direct cytotoxicity against target cells but enhance the host's natural defense 
mechanisms so that it can fight against diseases (Chihara, 1992). These host-
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mediated effects of lentinan lead to the restoration or increase the responsiveness of 
hosts to lympocytokines, hormones, and other bioactive factors by stimulating 
maturation, differentiation and proliferation of crucial cells in host defense 
mechanism (Chihara, 1992). Also, the administration of lentinan was found to 
increase a variety ofbioactive serum factors, that acted on lymphocytes, hepatocytes, 
vascular endothelial cells and synovial fibroblasts resulting in many host-defense 
reactions such as inflammation (Chihara, 1992). As its effects on augment of host-
defense mechanisms with relatively low toxic side effects, lentinan were widely 
administrated for the treatments of cancers and AIDS (Chihara, 1992). 
1.3 Life Cycle o f l . edodes 
The life cycle of L edodes can be divided into mainly five stages: 
basidiospore, mycelium, primordium, young fruit body and mature fhiit body (Fig. 
1.1). 
The life cycle of L. edodes starts from the germination of haploid 
basidiospore under appropriate conditions. The inner layer of an exosporium and 
vacuolation is firstly thickened. The spore then initiates and elongates its long axis to 
produce an uninucleate monokaryotic hyphae G J^akai and Ushiyama, 1974). 
Growth only occurs at the tip of each hyphae. The growth of hyphae subsequently 
forms a radical network called primary mycelium which is still monokaryotic. L. 
edodes is heterothallic, primary mycelium can not directly produce fruit body. 
Primary mycelium will collapse if nutrients are depleted. 
When two compatible primary mycelia that contain two different 
incompatibility factors, A and B fused, a sexual reproductive phase called secondary 
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mycelium is then generated. Secondary mycelium has a pair of nuclei in each cell 
and is called a dikaryon, which carries genetic information from each parent 
monokaryon. These two compatible nuclei in dikaryon are always maintained in 
unfused condition until the fruit body with its basidia is formed (Miles and Chang, 
1997). Secondary mycelium grows faster than primary mycelium and can produce 
fruit bodies. A distinctive feature of secondary mycelium in most Basidiomycetes is 
the presence of clamp connections during its growth (Fig 1.2; Przybylowicz and 
Donoghue, 1988). When a new cell is going to form at the tip ofthe hyphae, a bulge 
called hook cell appears on the hyphae near the two nuclei to provide a temporary 
location for one of the daughter nuclei so that the dikaryotic condition can be 
maintained in the apical cell. The hook cell continues to grow backwards and fuses 
with the penultimate cell to form the clamp connection (Miles, 1993). The 
formation of clamp connections ensures the new cell gets both nuclei of the dikaryon. 
L. edodes spends most of its life as secondary mycelium to colonize, digest, absorb 
and store nutrients in preparation for fruiting (Przybylowicz and Donoghue, 1988). 
Primordium or pin is produced from secondary mycelium in response to 
environmental cues to stimulate the secondary mycelium to seek new substrates. If 
the environmental condition is favorable, for example, adequate moisture and 
nutrients, a primordium will continue to expand and develop into a mature 
mushroom (Fig. 1.1). Prior to basidiospore formation, all mushroom tissues remain 
dikaryotic. 
Basidia are formed on the gills of the fruit body. Fusion of the dikaryotic 
nuclei (diploid) within the basidia is immediately followed by meiosis resulting in 
formation of four genetically unique monokaryotic basidiospores (tetraspores). While 
the fruit body becoming mature, the expansion of cap further ruptures the veil and 
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exposes the gills. The mature spores finally fall off the gills. 
When spores land onto favorable substrates, they will germinate and restart 
a new life cycle. 
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Figure 1.1. Life cycle oiL edodes (Przybylowicz and Donoghue, 1988). 
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Fig. 1.2. Formation of clamp connection in dikaryon maintains the dikaryotic 
condition in the new synthesized apical cell OPrzybylowicz and Donoghue, 1988). 
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1.4 Environmental Factors Affecting Mycelial Growth and Fruit Body 
Formation 
L. edodes is heterotropic and requires external nutrients including organic 
carbon, nitrogen, minerals and vitamins during mycelial growth and fruit body 
development. The life cycle of L. edodes is also affected by other environmental 
factors including physical factors such as temperature and moisture content, and 
chemical factors such as pH, light intensity, and oxygen level. The requirements of 
these environmental factors during mycelial growth and fruit body formation are 
sometimes different because of different physiological status. 
1.4.1. Nutrient requirement 
A wide range of carbon sources, including certain monosaccharides, 
oligosaccharides, and polysaccharides, are suitable for mycelial growth of L. edodes. 
These sources of carbon are required for both the structural compounds and energy 
for the metabolic processes. About 20% of sugar may be required for L. edodes to 
maintain its metabolism (Yoshida et al 1968; Miles and Chang, 1997). Also, L 
edodes can secrete extracellular enzymes from the hypha to digest polysaccharides 
such as cellulose, lignin, and hemicellulose to produce free sugar. Primordium 
initiation and fruit body formation require more sugar concentration that results in 
better fruit body yield. (Tokimoto and Kawai, 1975). It was found that newly 
synthesized cellular carbohydrates of fruit body might be mainly come from the 
sugar in the culture medium (Tokimoto and Kawai, 1975). 
Nitrogen is highly required to synthesize all nitrogen containing compounds: 
proteins, purines, pyrimidines and the cell wall component chitin (Miles and Chang, 
1997). There is no nitrogen fixation among fungi. Peptone, certain L-amino acids, 
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urea, and various ammonium salts are good nitrogen sources for mycelial growth. 
The requirement of nitrogen for optimal growth of hypha is different from nitrogen 
sources used, in other words, 0.03% in ammonium sulfate or casamino acid and 
0.06% in ammonium tartrate (Ishikawa, 1967). However, high concentration of 
nitrogen, over 0.02% nitrogen in casamino acid, will inhibit the formation of fruit 
body (Tokimoto and Kawai, 1975). 
Minerals are essential for amino acid and nucleic acid synthesis, energy 
production, membrane construction, and etc (Miles and Chang, 1997). It was found 
that the presence of manganese, iron and zinc, each at 2 mg per liter, promote 
mycelial growth of L edodes in addition to magnesium, sulfur, potassium, and 
phosphorus (Ishikawa, 1967). 
Vitamins, functioning as coenzymes, are essential in metabolism of L 
edodes. Vitamin Bj (thiamine) is a natural deficiency in L edodes (Ishikawa, 1967; 
Miles and Chang, 1997). Thiamine is required to function as the coenzyme of 
carboxylase of carbohydrate metabolism converting pyruvic acid into acetaldehyde 
and CO2 (Miles and Chang, 1997). The requirement of thiamine for mycelial 
growth is about lOO i^g per liter (Ishikawa, 1967). Thiamine has no significant effect 
on primordial growth to fruit body (Tokimoto and Kawai, 1975). 
1.4.2 Physical and chemical factors 
Temperature is one of the important factors affecting the cultivation of 
L .edodes including survival, growth rate, primordium initiation, yield and the shape 
of fruit body. L edodes can survive in logs from _30�C to 45°C. The optimal 
temperature for mycelial growth is about 25°C. Temperature below 5°C or above 
35°C stops the mycelial growth. Prolonged exposure at temperature above 35°C can 
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kill the mycelium. But temperature above 45°C can kill the mycelium in 40 minutes 
(Przybylowicz and Donoghue, 1988). A sudden shift in temperature or a period of 
fluctuating temperatures, usually ranging from 10°C to 16°C, can induce the initiation 
of primordium. The mushroom yield and shape are also affected by temperature. 
Mushroom with long stem and thin cap is produced at high temperature cultivation, 
while short stem and thick cap mushroom is produced under cool conditions (Ohira 
et al., 1982; Ohira and Matsumoto, 1984). 
Proper moisture content in the cultivation media is crucial for a good spawn 
run and fruit body formation. Usually, moisture content from 55 to 68% in sawdust 
culture and from 35 to 75% in logs is optimal for mycelial growth. Too low or too 
high moisture content will inhibit mycelial growth. The moisture content range from 
55% to 65% in logs is optimal for primordium formation (Przybylowicz and 
Donoghue, 1988). 
L. edodes normally grows in acidic condition of the pH ranging from 3.0 to 
6.0. The constant pH of 3.5 throughout the culture could promote the best growth of 
mycelium (Ishikawa, 1967). The optimal pH for primordium formation and fruit 
body development is from 3.5 to 4.5 on artificial media (Tokimoto and Kawai, 1975) 
and pH 5 in sawdust culture (Han et al., 1981). 
Light is essential for fruiting but inhibits mycelial growth. Mycelium grows 
in dark better than in light (Miles and Chang, 1997). Only low light intensity is 
needed for fruiting. Light can give mushroom with better color, gills and shape, and 
light-color. While mushroom with irregular shapes appears in dark condition 
(Przybylowicz and Donoghue, 1988). 
Mushrooms are aerobic organisms. The optimal COj level for mycelial 
growth and fruit body formation is different. Higher COj concentration up to 0.6% 
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enhances mycelial growth but inhibits primordium formation (Przybylowicz and 
Donoghue, 1988). COj level between 0.2 to 0.4% will cause the formation of 
deformed primordium, and long-stem as well as small cap fruit body. The optimal 
CO2 level for fruiting should be below 0.2% (Royse, 1985; Przybylowicz and 
Donoghue, 1988). 
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1.5 Molecular Studies on Mushroom Development 
1.5.1 Mating-type genes 
Mating between two compatible monokaryotic mycelia establishing a 
dikaryotic mycelium is the critical point for sexual development in heterothallic 
basidiomycetes like mushroom fungi. Studies in S. commune suggested that mating-
type genes control the mating process, maintenance of the dikaryon and formation of 
fruit bodies (Wessels, 1997). Mating-type genes in many filamentous and 
nonfilamentous fungi refer to a group of genes located at mating-type loci (or locus), 
that genetically regulate the mating specificity and sexual development (Kronstad 
and Staben, 1997). The understanding of mating-type regulation in mushrooms may 
provide insights on their sexual regulation giving rise to their derived fruit body 
formation so that improvement on mushrooms can be achieved. The main function of 
mating-type genes in mushrooms is to prevent the occurrence of self-mating and 
therefore maintain the genetic variability of the populations. If mating event of 
species is regulated by genes within a single incompatibility factor or locus {MATA), 
this group of species is unifactorial or bipolar (about 25 % of heterothallic species); 
species belonging to this group, e.g., A. bisporus’ Agaricus bitorquis and Coprinus 
comatus (Wessels, 1994). Most of heterothallic species (about 75%), including S. 
commme, C. cinereus’ Agrocybe aegerita，R ostreatus and L. edodes belong to 
bifactorial or tetrapolar mating system, in which two unlinked incompatibility factors 
or loci {MATA and MATB) regulate mating (Wessels, 1994; Miles and Chang, 1997; 
Casselton and Olesnicky, 1998). Molecular information on mating system in L 
edodes is rare so far; tetrapolar mating system was determined in L edodes 
(Takemaru, 1961), but no information about mating-type genes and whose 
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corresponding regulation on mating and fruit body development. The mating systems 
of two heterothallic basidiomycetous mushrooms S. commune and C. cinereus were 
intensively studied and will be discussed in this section to show how mating-type 
genes regulate sexual development. 
S. commune and C. cinereus both contain two unlinked mating-type 
incompatibility factors designated as A mating factor and B mating factor. Both sets 
of mating-type genes are multiallelic contributing to different mating types — 
potentially 12,000 and 20,000 different mating types in C. cinereus and S. commune 
respectively. Each of these mating factors have subloci designated a and p. The a 
and P subloci are functionally redundant and recombination can occur between 
alleles within locus (Raper, et al., 1960; Kronstad and Staben, 1997; Casselton and 
Olesnicky, 1998). For mushrooms bearing bifactorial mating system, sexual stage 
can be established by only mating between two compatible monokaryons that carry 
different alleles in both mating factors, i.e., forming a AiA2B7B2 (or MAT A 本 
MAT B^) dikaryon. The basidiospores from a single mushroom thus are of four 
mating types (i.e., AlBl’ AlB2, A2B1 and A2B2). The A mating factor regulates 
nuclear pairing, hook cell (or clamp) cell formation, conjugate nuclear division and 
hook cell septation, while the B mating factor controls nuclear migration, septal 
dissolution and hook cell fusion (Fig 1.3; Novonty et al.，1991; Casselton and 
Olesnicky, 1998). The combination of A and B mating factors maintain the 
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dikaryotic condition indefinitely. In S. commune, dikaryon carrying only different A 
alleles {MATA 本 MATB=) resulted in unfiised clamp cell formation, while carrying 
only different B alleles {MATA= MATB ^^ ) leaded to formation ofadistinctive "flat" 
phenotype including lacking of aerial growth, frequently branched hyphae, and 
continuous nuclear migration as well as septa disruption (Raper, 1966; Casselton and 
16 
Olesnicky, 1998). 
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Fig. 1.3. Roles of the A and B mating factors in regulating the formation and 
maintenance of the dikaryon in S, commune and C cinereus (modified from 
Casselton and Olesnicky, 1998). 
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Molecular studies revealed that genes in the A mating-type locus encode two 
protein subunits of a heterodimeric regulatory protein. In C. cinereus, each A locus 
contains a variable number of genes arranged into three pairs of genes designated a, 
b and d gene pairs (Day, 1960; Casselton and Olesnicky, 1998). The a pair of genes 
represents the Aa locus, while the b and d gene pairs constitute the Ap locus (KGes 
et al., 1992; Lukens et aL, 1996). It was found that these three gene pairs are 
functionally independent and thus are considered as three separate subfamilies. Gene 
interaction between A locus during mating can occur if they encode different alleles 
of a single subfamily, even if they have the same alleles of the other two pairs of 
genes (Casselton and Olesnicky, 1998). It was found that each gene pair in A locus 
contains genes encoding two dissimilar proteins with distinctive homeodomain 
motifs designated HD1 and HD2. A homeobox like sequence encoding HD1 and 
HD2 was also found in MAT Aa loci of S. commune (Specht et al.’ 1992; Stankis et 
al.，1992). Due to functional independence, HD1 protein only interacts with HD2 
proteins from different mat within its subfamily. Heterodimerization between HD1 
and HD2 proteins forms a functional transcriptional factor that can bind to unique 
target sites within the promoters and subsequently activate the target genes of 
downstream developmental pathway. Unmated monokaryons, due to failure of 
HDl-HD2 protein fusion formation, are unable to form this transcriptional factor and 
therefore unable to establish sexual development (Asante-Owusu et al.’ 1996;). Thus 
this regulation system in heterothallic basidiomycetes guarantees the switch of sexual 
pathway from mating between two compatible monokaryons. 
Genes in the B mating-type locus encode both peptide pheromones and 
transmembrane receptors (Casselton and Olesnicky, 1998). In S, commune, each 
locus {Ba and B^ contains a receptor and three pheromone genes (Wenland et al.’ 
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1995; Vaillancourt et aL, 1997). A pheromone in Ba locus can stimulate 5areceptor 
from other mates but cannot stimulate its own receptor or any Bp receptors, same 
situation for a Bp pheromone. In C cinereus, genes in B mating locus are separated 
into three functionally independent subfamily genes. Each of these subfamily genes 
consists of one receptor and two pheromone genes. Like S. commune, the pheromone 
from a single sub-family can only stimulate all the receptors within that subfamily 
except their own receptors (Casselton and Olesnicky, 1998; 0'Shea et al,, 1998). 
Pheromone response in mushrooms is different from ascomycetes such as 
Saccharomyces cerevisiae and Schizosaccharomyces pombe, which is activated after 
cell fusion between two compatible mates (Vaillancourt et al” 1997). The function of 
pheromone in mushroom development is not very clear. They were suggested to 
play important roles on formation of clamp connection and dikaryon maintenance 
(Wessels, 1994; Casselton and Olesnicky, 1998). 
Evidence showed that mating-type genes in heterothallic basidiomycetes 
play substantial roles in sexual development through forming a functional 
transcriptional factor and the reaction between pheromones and receptors (Wessels, 
1994; Casselton and Olesnicky, 1998). However, information on how mating-type 
genes influence the initiation and development of fruit body in basidiomycetous 
mushrooms is still being searched. 
1.5.2 Hydrophobins 
Genes encoding hydrophobins are the most studied genes in mushrooms. 
Hydrophobins are moderately hydrophobic small proteins with characteristic 
cysteine spacing (Wessels, 1997; Kershaw and Talbot, 1998). They were first isolated 
as genes activated during the onset of aerial hyphae formation in S. commune 
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(Mulder and Wessels, 1986). Subsequently, hydrophobin genes were isolated from 
many mushroom species. Mushroom hydrophobin genes studied include SC1, SC3, 
SC4, SC6 and SC7 in S. commune (Wessels et al, 1987; Schuren and Wessels 1990), 
CoHl and CoH2 in C cinereus (Asgeirsdottir et al.，1997)，ABH1 {HYPA), ABH2 
and ABH3 in A. bisporus (De Groot et al.’ 1996; Lugones et al., 1996; Lugones et al.， 
1998)，Fbhl, P0H1, POH2 and POH3 in R ostreatus (Asgeirsdottir et aL, 1998; 
Penas et aL，1998), and Aa-Pri2 in A. aegerita (Santos and Labarere, 1999). Eight 
conserved cysteine residues form four intramolecular disulfide bridges and "loops" 
between Cl-C2, C3-C4, C5-C6 and C7-C8 (Wessels, 1997; Kershaw and Talbot, 
1998); constituting two hydrophobic and two hydrophilic loops. Hydrophobins can 
self-assemble to form a hydrophilic-hydrophobic interface which confer to 
hydrophobic rodlet structure of spores, surface of emergent hyphal structures and 
fruit body (Fig. 1.4; Wessels 1994, 1997; Kershaw and Talbot, 1998). Because ofits 
insolubility even in SDS, hydrophobins thus can prevent water loss from cells. All 
identified hydrophobins in basidiomycetes belong to class I hydrophobin with 
variable number of amino acids in the second (between 3^ to 4* cysteine residues) 
and the fourth loops O^etween 7^ to 8^ cysteine residues). Expression ofhydrophobin 
genes was found to be under the regulation of mating-type genes in many 
mushrooms. The expression of5'C5 in S. commune is repressed in MATA= MATB?^ 
mycelium but not affected in the MATA^^MATB- mycelium (Asgeirsdottir, et al.’ 
1995; Ruiters et al.，1988). While the expression ofSC4, SC6, SC7 and SCl4 were 
only found in M 4 r j # M J r i ? f « ^ o r MATA''" MATB''" heterokaryon. 
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Fig.l.4. Secretion and self-assembly of hydrophobin proteins during aerial 
development of fungi, (a) Secretion ofhydrophobin monomers from aerial hyphal tip 
when the fungus is submerged. Air-water interfaces (b) or hydrophobic surface (c) 
are formed by self-assemble of hydrophobins (Talbot, 1997; Kershaw and Talbot, 
1998). 
Hydrophobins are differentially expressed during the life cycle of 
mushrooms. Expression of some hydrophobin genes are highly confined in mycelial 
stages (monokaryotic mycelium or dikaryotic mycelium). For examples, SC3 of S. 
commune (Wessels et al., 1987; Schuren and Wessels, 1990)，POH2 and POH3 ofP. 
ostreatus (Asgeirsd6ttir et al.，1998) and ABH3 ofA. bisporus (Lugones et al” 1998) 
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are expressed in both monokaryon and dikaryon, while CoHl and CoH2 of C. 
cinereus has the highest expression in monokaryon (Asgeirsd6ttir et al.’ 1997). High 
level expressions of hydrophobins in either primary mycelial stage and/or secondary 
mycelial stage suggest their importance in hyphal growth. Studies in S. commune 
found that SC3 hydrophobin protein is secreted at the growing tips and the self-
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assembly of SC3 monomers subsequently form an insoluble SC3 amphipathic 
monolayer covering the aerial hyphae emerging from the medium (W6sten et aL, 
1993, 1994). Hydrophobin protein POH2 was also detected at the surface of aerial 
hyphae of monokaryotic and dikaryotic mycelia by immunodetection (Asgeirsd6ttir 
et al., 1998). The thn mutant of S. commune, which prevents aerial growth, has no 
SC3 gene expression (Wessels et al, 1991). The oid-1 mutation of C. cinereus, which 
can enhance asexual spomlation without aerial mycelial growth, can not express 
CoHl and CoH2 genes (Asgeirsd6ttir et al.，1997). It seems that loss of aerial 
mycelium is correlated with deficiency of hydrophobin synthesis. ABH3 from A. 
bisporus could phenotypically complement an SC3 mutant of S. commune suggesting 
that the functions ofhydrophobins among species are similar (Lugones et al.，1998). 
Some hydrophobin genes are highly expressed in the fruiting initiation 
stage such as SC1 of S. commune (Wessels et al., 1987; Schuren and Wessels, 1990) 
and Aa-Pri2 of A. aegerita (Santos and Labarere, 1999). While fruit body specific 
hydrophobin genes including SC4, SC6, SC7 and SC14 of S. commune (Wessels et al., 
1987; Schuren and Wessels, 1990), ABHl{HYPA) and ABH2 o f A bisporus (Lugones 
et aL, 1996), and P0H1 and Fbhl ofP. ostreatus (Asgeirsd6ttir et al.，1998; Penas et 
al., 1998). Northern blot hybridization of HYPA of A. bisporus among mRNA 
extracted from different parts of fruit body showed that HYPA transcripts were highly 
expressed among pileus, gill and peel of the mushroom caps especially in the peel 
tissue. In situ hybridization analysis of fbhl transcripts in P. ostreatus showed that 
fbhl is expressed throughout the whole fruit body except the gills, suggested that 
FBH1 is involved in expansion phase during fruit body formation (Penas, 1998). 
Fruit body protrudes from the medium and thus requires protection from water loss. 
It was thus suggested that hydrophobins confer waterproof ability in fruit body of 
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mushrooms by forming a hydrophobic coating on the surface of fruit body (Wessels 
etal” 1991; Wessels, 1997，1999). 
To sum up, hydrophobins, acting as waterproof materials, exert the 
protective properties throughout the life cycle of mushrooms. Different hydrophobins 
are expressed in different developmental stages to fulfill different protective 
requirements. Thus understanding the regulation mechanisms of hydrophobins helps 
to clarify the regulation mechanisms of fruiting. 
1.5.3. Fruiting regulatory genes 
Fruiting process or fruit body formation is under the control of complicated 
regulation systems in which many regulatory genes are involved. To manipulate the 
fruiting process in molecular level, isolation and characterization of fruiting 
regulatory genes during fruiting process should be done firstly. So far two genes 
isolated from S. commune were found to be important in regulation of its fruit body 
formation. 
The first one is the fbf gene, which was found to act as a negative regulator 
to control dikaryotic fruiting (Springer and Wessels, 1989). The fbf mutation showed 
no phenotype in monokaryons and thus the expression of fbf gene is under mating-
type gene regulation. Another gene from S. commune is fhiiting-inducing gene 
Frtl which was previously found to induce the fruiting of monokaryons and 
accelerate fruiting in heterokaryotic dikaryons (Horton and Raper, 1991a). However, 
later studies found that the disruption of FRT1 in the homokaryon resulted in 
increase in expression of SC1, SC4 and SC7 transcripts that normally are dikaryon-
specific genes, and enhanced growth of aerial mycelium (Horton et al.’ 1999). 
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Results from FRTl-disruption study thus suggested that FRT1 gene functions as a 
negative regulator in monokaryon and inhibits fruit body formation in monokaryon 
(Horton et al, 1999). So as the cases in MATA^^MAT B^ heterokaryons and MAT 
Aco" MAT Bco" homokaryons, the activities of mating-type genes suppress the 
expression of Frtl gene thus allows fruit body formation. Thus, FRT1 was suggested 
to be dispensable in dikaryotic fruiting (Horton et al.’ 1999). 
1.5.4 Molecular studies on fruit body development ofL. edodes 
1.5.4.1 Identification oiL. edodes genes 
Sexual stage of L. edodes is firstly established from mating between two 
compatible monokaryons. Upon sufficient nutrient storage in dikaryotic mycelial 
stage and suitable environmental stimulation, fruit body eventually initiates and 
grows up (Przybylowicz and Dt>noghue, 1988; Miles and Chang, 1997). It is 
undoubted that specific genes responding to different developmental stages should be 
differentially produced either in types and^or in quantity to fulfill the requirements of 
different developmental stages. Thus much efforts were taken to finding more 
information of genes of L. edodes that are important for the initiation, differentiation 
and maturation of the fruit body. 
Takagi and colleagues (1988) identified high endogenous levels of 
adenosine 3’，5，-cyclic monophosphate (cAMP) and adenylate cyclase activity in the 
immature fruit body of L edodes. They suggested that cAMP functions as a 
stimulating substance in the onset of fruit body formation (Takagi et al., 1988). 
Similar results were also found in Coprinus species (Swamy et al., 1985 a, b) and in 
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S. commune (Schwalb, 1978). cAMP can induce protein phosphorylation and thereby 
activate glycogen phosphorylase and inhibit glycogen synthase. Thus the increase in 
cAMP production can trigger an increase in mobilization of glycogen to act as a 
carbohydrate reserve in the mycelium to enable growth of the fruit bodies (Wessels, 
1994). In C. cinereus, cAMP is controlled by mating type genes (Swamy et al., 1985 
a, b). Due to the importance of cAMP in fruit body initiation, a cAMP related ras 
gene was isolated from L. edodes designated Le.ras which is possibly involved in 
adenylate synthase activation (Hori et al.，1991). However, transcriptional analysis of 
Le.ras showed that there is no direct correlation between expression of Le.ras and 
intracellular cAMP in L edodes (Hori et aL’ 1991). 
Later, two primordium-specific genes designated priA (Kajiwara et al.’ 
1992) and priB (Endo et al., 1994) in L edodes were isolated. The PRIA and PRffi 
contain putative zinc-binding motifs and a 'Zn(II)2Cys6 zinc cluster' DNA-binding 
motif respectively. Due to their higher expression in primordial stage, PRIA and 
PRJB were suggested to be the transcriptional factors to control the initiation of fruit 
body formation. The DNA-binding sequences ofPRJB protein were later determined 
to be a consensus sequence of 16 bp, 5’ GGGGGGGACAGGANCC 3，(Miyazaki 
et al, 1997). The extensive study for priB gene led to isolation of another gene 
encoding UMP-CMP kinase designated uckl (Kaneko et al., 1998). The uckl gene 
was suggested to play a role in the gill tissue of mature fruit body due to its highest 
transcription level. 
From screening of a mature fruit body cDNA library of L. edodes’ the mJbAc 
gene which contains a cell-surface attachment-promoting Arg-Gly-Asp (RGD) motif 
was isolated (Kondoh et al” 1995). Two types of mfbA alleles were determined in L 
edodes strains (Yasuda and Shishido, 1999). The mfbAc showed the highest 
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expression level in the mature fruit body but absent in earlier vegetative mycelial and 
primordial stage. Thus the mjhAc gene was proposed to function as a cell-adhesion 
protein involved in maturation or formation of fruit body (Kondoh et al” 1995). 
Followed by the establishment of RNA Arbitrarily Primed PCR (RAP-PCR) 
method (Liang and Pardee, 1992; Welsh et al., 1992), molecular studies on fruit body 
development of L. edodes then have been extensively conducted in our lab. Beta 
subunit of mitochondrial processing peptidase (p-MPP) was isolated by RAP-PCR 
method. P-MPP contains the inverse zinc-binding motif (H-X-E-H). Higher 
expression of p-MPP were detected during fruit body formation rather than in 
vegetative mycelium. It was suggested that higher mitochondrial activities are 
required to meet the demand for rapid growth of fruit bodies (Zhang et al” 1998). 
RAP-PCR was also employed by Leung (Leung et al” 1998) to isolate differentially 
expressed genes during fruit body development of L edodes. Totally 39 different 
clones were obtained from 23 RAP-PCR fragments. After sequence analysis and 
homology searching, the sequences of 13 clones were found to show significant 
matches with known genes published in GenBank database. Five clones were 
identified to be ribosomal RNAs, while 21 clones could not be identified thus 
regarded them as novel genes. Northern blot analysis ofRAP-PCR fragments among 
different developmental stages of L. edodes indicated their possible roles during fruit 
body development: (1) transportation of substances like toxic compounds and sugar 
across plasma membrane is highly required in the early fruiting stage for preparation 
for fruiting; and (2) signal transduction and transcriptional regulation may be crucial 
during fruit body initiation; and (3) higher mitochondrial activities are required for 
fruit body development; and (4) metabolic rate may increase when mature fruit body 
is developed. RAP-PCR thus is a more effective method to allow parallel comparison 
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of RNA transcripts among different developmental stages and subsequent identify a 
reasonable number ofputative differentially expressed fragments. 
Gene encoding phenol oxidase in L. edodes’ laccase {lacl and lac2)，was 
isolated in our lab (Zhao and Kwan, 1999). Phenol oxidases participate in pigment 
production in many basidiomycetes (Wood, 1980). Previous studies on laccase 
suggested that laccase is secreted into cell wall and cause oxidation of cell 
component to produce extracellular pigments during fruit body formation (Leonard 
and Phillips, 1973，Leatham and Stahmanm, 1981). Enzymatic analysis of laccase 
activity in different substrates and various developmental stages showed that the cap 
of mature mushroom contains the highest laccase activity and there was no inducing 
effect in laccase activity for some well-known laccase inducers or sawdust (Zhao and 
Kwan, 1999). Thus laccase may affect the formation and quality of fruit body. 
1.5.4.2 Functional characterization o f I . edodes genes 
Besides gene identification, functional characterizations of genes identified 
from L. edodes were carried out. Due to lack of effective transformation system in L. 
edodes, the functions of identified genes in this mushroom were always determined 
using other fungal model systems such as yeast complementation test. Le.ras 
cDNA can functionally complement to RAS protein in S. cerevisiae by retrieving the 
adenylate cyclase activity in rasl'ras2' yeast mutant (Ishibashi and Shishido, 1994). 
The Arg-Gly-Asp (RGD) motif-containing fragment of high-molecular-mass cell-
adhesion protein MFBA could resulted in marked aggregation of the yeast cells 
(Yasudo and Shishido, 1997) and aggregation of the fragmented hyphal cells of S. 
commune (Yasuda et al, 1997). Expression of adenyl-cyclase-associated protein 
(CAP) of L edodes in both S. pombe and S. cerevisiae functionally complemented 
27 
defects associated with the loss of the C-teraiinal domain function ofthe endogenous 
CAP (Zhou et al., 1998). Yeast two-hybrid assay of L edodes CAP showed that it 
interacted with S. pombe actin in vivo (Zhou et al., 1998). However, employing 
heterogenic complementation test to study L. edodes does not always work. The 
mitogen activation protein kinase of L, edodes {LeMAPK) could not functionally 
complement with either FUS3 and KSS1 of S. cerevisiae even they share high degree 
of sequence similarity (Leung, 1998). Thus the success of heterogenic 
complementation test for L. edodes genes depends on a wide range of factors. The in 
vivo functions of them in L. edodes are still needed to characterize. 
1.5.4.3 Transformation in L, edodes 
Establishing an effective transformation system for L. edodes is extremely 
important to study its own genes. Recently, a transformation method for L. edodes 
was developed by using restriction enzyme-mediate integration of plasmid DNA 
(RJEMI) (Sato et al” 1998). This method was studied in other organisms such as 
Dictyostelium discoideum (Kuspa and Loomis, 1992), R ostreatus (Yanai et al., 1996) 
and C. cinereus (Granado et al,，1997)，The principle ofREMI is firstly to apply the 
enzymes to cleave the chromosomal DNA in vivo at specific restriction sites. The 
cleaved chromosomal DNA then can be ligated to restriction enzyme-linearized 
plasmid by host cell enzymes (Sato et al” 1998). The vector used in this study 
contains the L. edodes ras promoter, priA gene as terminator, and E. coli hygromycin 
B phosphotransferase gene as the selection marker. Fifteen transformants were 
obtained for 2.5^ig ofDNA, which is 10 times more efficient than conventional PEG 
transformation method (Sato et al.’ 1998). 
Hirano and his colleagues (1999) recently isolated the Glyceraldehyde-3-
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phosphate dehydrogenase gene {GPD) from L edodes. The GPD transcript was 
constitutively expressed in high level among different developmental stages. The 
promoter of the L edodes GPD gene therefore can be useful for constructing 
transformation vectors. 
So far, the in vivo functions of many L edodes genes are unknown. It is 
hope that upon establishment of effective transformation system and generation of 
possible mutants for L. edodes, we can study in vivo functions of fruiting related 
genes and understand the fruiting mechanism of L edodes. 
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Chapter Two Expressed Sequence Tags o f l . edodes 
2.1. Introduction 
Molecular studies on L. edodes since 1980's brought in some hints on its 
fruiting development. Increasing in cAMP synthesis is required prior to the initiation 
of fruit body formation by shifting glycogen to be a carbohydrate reserve in the 
mycelium to enable growth of the fruit bodies (Takagi et al.’ 1988; Wessels, 1994). 
Regulations in gene expression, signal transduction and substance transportation 
between plasma membrane may be important during fruiting initiation (Leung et al, 
2000). Higher mitochondrial activities and metabolic rates are required in mature 
fruit body to fulfill the demand for its rapid growth (Zhang et al., 1998; Leung et al, 
2000). Laccase activities are higher in the cap of mature fruit body (Zhao and Kwan, 
1999). Other identified genes from L. edodes include priA (Kajiwara et al., 1992)， 
Le.ras (Hori et al, 1991)，DNA-binding protein priBc (Endo et al. 1994)，mfbAC 
(Kondoh et al” 1995)，and GPD (Hirano et al, 1999). However, up to now, the 
known molecular information governing the fruiting process of L. edodes is still 
fragmentary because of the shortage of gene information and reliable systems for 
functional assays for L edodes. To fully understand the molecular mechanism 
governing fruit body formation, the ideal way is to understand the functions and 
regulatory mechanisms of all fruiting related genes in their own system. Before 
understanding the complex network of gene regulations in fruiting development, 
gene identification in order to cover all fruiting related genes is a meaningful task. 
Based on information from two basidiomycete mushrooms 一 the genome 
size of S. commune and P. ostreatus is 32.85Mb (Horton and Raper, 1991b) and 
33.77Mb (Peberdy and Fox, 1993) respectively, it is estimated that the genome size 
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ofL. edodes is about 32 to 34 Mb. The filamentous fungus N. crassa was estimated 
to contain 10,000 genes with the total genome size of 42.9Mb (Nelson et al, 1997). 
Therefore, L. edodes may contain about 9,000 to 10,000 genes. To identify such great 
number of genes, an effective method should be developed. 
Expression sequence tag (EST), rooted in the early 1980s, was recognized to 
use short stretches of cDNA sequence to identify genes (Putney et al, 1983). 
Because of its efficiency in gene identification, EST were widely used for large-scale 
analysis of cDNA data of many model organisms, including human (Adams et al, 
1991)，mouse (Takahashi and Ko, 1994)，rice (Kimiko and Takuji, 1997;)， 
Arabidopsis (Newman et al, 1994)，yeast (Vassarotti and Goffeau, 1992), the 
nematode Caenorhabditis elegans (Waterston et al, 1992), and Neurospora crassa 
fNelson et aL, 1997). Furthermore, full-length cDNA sequence of interesting genes 
can be easily obtained directly from sequencing the cDNA clones from two 
directions or using primer walking. Besides gene identification, collection of EST 
database can be useful to other important molecular studies including identification 
of short sequences generated from Serial Analysis of Gene Expression (SAGE) 
(Velculescu et al, 1995)，construction of gene-based physical maps (Schuler et al., 
1996) and annotation of genomic sequence (Waterston et al, 1992). These benefits 
lead us to generate EST for gene identification and other parallel studies of L edodes. 
It is beyond our resources to sequence all genes in L. edodes. Thus, we focused on a 
sub-population of expressed gene for our collection ofESTs. 
Primordium is an important developmental stage that fruit body is initiated. 
It destines whether mature fruit body can be formed. Identifying genes preferentially 
expressed in this stage may provide useful information on fruit body initiation since 
genes contributing functions will be transcribed. To add more informative genes to 
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the limited gene collections of the L edodes and to find out genes related to fruit 
body initiation, random cDNA clones has been sequenced to generate expressed 
sequence tags (ESTs) from a cDNA library of primordium. In this study, single-pass 
3'end partial sequence of random selected cDNA clone was determined. The putative 
identities of ESTs were assigned by homologous searching from the sequence 
databases on the intemet. Signature sequence for each cDNA, based on the 
identification principle used in SAGE (Velculescu et al” 1995) was determined to 
identify duplicate clones. Furthermore, reverse dot-blot hybridization for identified 
genes were performed to identify differentially expressed genes among them. It is 
hoped that this collection of gene index of L edodes and information from their 
expression patterns can generate the first blueprint of gene expression in the 
initiation stage. Besides, the EST database can be very useful for other parallel 
studies in our laboratory including SAGE and Single Strand Conformation 
Polymorphism (SSCP) mapping. 
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2.2 Materials and Methods 
2.2.1 Generation of expressed sequence tag 
2.2.1.1 Mushroom cultivation and RNA extraction 
L edodes strain L54 was cultivated on sawdust compost (80 % dry 
sawdust, 20% of dry wheat bran) at 25°C for about two months for growth of 
mycelium. After cold induction (4�C one night), primordia were initiated at 15°C. 
Total RNA was isolated from primordia by a single extraction with an acid 
guanidinium thiocyanate-phenol-chloroform mixture (Chomczynski et al 1986). All 
instruments used for RNA extraction were free from RNase contamination either by 
DEPC treatment or baking at 180°C for three hours. Fresh primordia were picked 
up and immediately dropped into liquid nitrogen. Then the frozen primordia were 
ruptured by grinding to a fine powder with liquid nitrogen in a mortar, After grinding, 
about 0.1 g of primordia powder was added to 1.5-ml Eppendorf tube with a spatula. 
Then 1 ml of TRI REAGENT® (Molecular Research Center, bic.) was added to 
primordia powder and homogenized. The homogenates were kept for 5 minutes at 
room temperature to permit the dissociation of nucleoprotein complexes. Next, 0.2 
ml of chloroform was added into homogenates and the mixture was covered tightly 
and shaked vigorously for 15 seconds. The resulting mixture was kept at room 
temperature for 2-15 minutes and followed by centrifugation at 12000 x g for 15 
minutes at 4°C. After centrifugation, RNA remained exclusively in the top aqueous 
phase whereas DNA and proteins were in the inter-phase and organic phase 
respectively. The aqueous phase containing RNA was transferred to a fresh 
Eppendorf tube and RNA was precipitated by mixing with 0.25 ml of isopropanol 
and 0.25 ml ofhigh salt solution (0.8 M sodium citrate and 1.2 M sodium chloride) at 
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room temperature for 5-10 minutes. RNA was then concentrated by centrifugation at 
12000 X g for 8 minutes at 4-25°C. Supernatant was removed and the RNA pellet 
was rinsed with 1ml of 75% ethanol, and mixed as well as subsequently centrifuged 
at 750 X g for 5 minutes at 4-25°C. The RNA pellet was briefly dried by air-drying or 
under vacuum for 5-10 minutes and then dissolved into 20 |il ofDEPC treated water 
by incubating at 55-60°C for 10-15 minutes. 
2.2.1.2 Construction ofprimordium cDNA library 
Purified total RNA from primordium stage was converted into double 
stranded cDNA by SMART™ PCR cDNA Library Construction Kit (Fig. 2.1; 
CLONTECH Laboratory, Inc.). The resulting ds cDNA was cloned into ZAP 
Express™ vector (lambda bacteriophage) and packaged with Gigapack III Gold 
Packaging Extract (Stratagene). The primary cDNA library was amplified once. This 
part was done by a previous lab-mate. 
2.2.1.3 Mass excision of pBK-CMV plasmid 
Plasmid pBK-CMV (Fig. 2.2) which contain cDNA inserts were mass-
excised from the amplified cDNA library using ExAssist helper phage and XLOLR 
strain (Stratagene). XLl-Blue MRF' cells and XLOLR cells were firstly cultivated in 
NZY broth at 30°C overnight, supplemented with 0.2% (w/v) maltose and 10 mM 
MgSO4 for XLl-Blue MRF' cells. Then these two cells were pelleted and re-
suspended in 10 mM MgSO4 to an OD^ oo of 1.0 (8 x 10® cells /ml) separately. 
Combined amplified lambda bacteriophage library with XLl-Blue MRF' cells and 
ExAssist helper phage in 1:10:10 ratio in a 50-ml conical tube. Incubate the conical 
tube at 37°C for 15 minutes to allow absorption. Added 20ml of NZY broth and 
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incubated the conical tube at 37°C with shaking for 2.5-3 hours. The XLl-Blue 
MRF' cells in conical were killed by heating at 65-70°C for 20 minutes. After 
centrifugation at 1000 x g for 10 minutes, the supernatant was decanted into a sterile 
conical tube. To titer the excised plasmids, 1 p,l of the supernatant was combined 
with 200 i^l ofXLOLR cells in a 1.5-ml microcentrifuge tube. The microcentrifuge 
tube was incubated at 37�C for 15 minutes. Then 40 i^l of 5 x NZY broth was added 
to final concentration of 1 x NZY and incubated at 37°C for 45 minutes. Finally 100 
i^l of the cell mixture were spreaded onto LB-Karamycin agar plate (50 ^ig/ml) and 
the plate was incubated at 37°C ovemight. 
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Fig. 2.2. Map ofthe pBK-CMV plasmid vector (Stratagene). 
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2.2.1.4 Random screening of mass excised cDNA clone 
Colonies were randomly selected from the mass excised library and the 
sizes of inserts were determined by PCR using T3 and T7 primers which flank the 
multiple cloning site of the pBK-CMV plasmid vector with 184 bp. Bacterial 
colonies were picked and placed into a PCR reaction mix which contained 50 mM 
Tris-HCl (pH 9.0)，20 mM ammonium sulphate, 1.5 mM MgClj, 0.2 mM each 
dNTPs, 0.2 i^M each primer and 0.2 units Taq DNA polymerase (Pharmacia) in a 25 
^1 volume. The PCR reaction was performed with 35 cycles of 94�C，30 sec; 58°C, 
30 sec; and 72°C, 2 min. After gel electrophoresis, colonies canying recombinant 
plasmids with insert size greater than 0.5kb were selected for purification of 
plasmids. 
2.2.1.5 Isolation of recombinant plasmid 
Desirable recombinant plasmids were isolated using Wizard™ Plus 
Miniprep DNA Purification System (Promega). 
The recombinant cells were cultivated ovemight into 3 ml of LB-
Tetracycline (50 ^g/ml) broth at 37°C with shaking 225-250 rpm. After cultivation, 
3 ml of cells were pelleted by centrifugation for 1-2 minutes at 15000 rpm. The 
cells were resuspended in 200 i^l of Cell Resuspension Solution (50 mM Tris; 10 
mM EDTA; 100 ^ig/ml RNase A). Then 200 i^l of Cell Lysis Solution (0.2 M 
NaOH and 1% SDS) was added and mixed by gently inverting the tube for several 
times. Then 200 ^1 of Neutralization Solution (1.32 M potassium acetate) was 
added and mixed. After centrifugation at 1500 rpm for 5 minutes, the clear 
supernatant was decanted to a new microcentrifuge tube. Purification of Plasmid 
DNA was carried out firstly by adding 1 ml of the Wizard^^ Plus minipreps DNA 
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Purification Resin to the supernatant and mixed by inverting the tube. All solution 
was transferred into the Minicolumn/Syringe Assembly. Vacuum was then applied 
to pull the resin / lysate into the Minicolumn. When the sample had completely 
passed through the column, stopped the vacuum. 2 ml of the Column Wash 
Solution (8.3 mM Tris-HCl; 40 i^M EDTA and 55% ethanol) was added to the 
Syringe Barrel. Vacuum was reapplied to draw the solution through the Minicolumn. 
Stopped vacuum source when all sample was drown into the minicolumn following 
by centrifugation at 10,000 x g for 2 minutes to remove any residual Column Wash 
solution. Then, 50 i^l of sterile distilled water was applied to. Minicolumn and 
stayed for 1 minute. The purified plasmid was dissolved into distilled water and 
eluted by centrifugation at 10,000 x g for 20 seconds. Enzymatic cutting using Kpn I 
and Sac I，which flanked the insert with 100 bp sequence, confirmed the size of 
insert. 
2.2.1.6 Generation of3 ' end partially sequence 
3'-end nucleotide sequences of the cDNA inserts were determined using 
ABI PRISM™ dRhodamine Terminator Cycle Sequencing Ready Reaction Kit with 
AmpliTaq® DNA polymerase (PE Applied Biosystems). 10 i^l of sequencing 
reaction contains 1.6 pmol of dT25(dN) primer, 5，Tm_nTn_i_nTrnTn_nTiTrN 
3，0^ f represents the mixture of A, G and C), 0.2-0.5 ^g of plasmid template and 4 ^1 
ofDTRRM. PCR reaction was performed for 25 cycles of96°C, 10 sec; 45�C 15 sec; 
60°C, 4 min. Then the reaction product was purified and resuspended into 12 |il of 
template suppression reagent (TSR). The mixture was denatured at 95�C for 2 
minutes, immediately cooled on ice and brought to an ABI PRISM 310 Genetic 
Analyzer (PE Applied Biosystems) to analyze its sequence. 
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2.2.1.7 Sequence analysis 
Partially sequences were edited using SeqEd version 1.0.3 (PE Applied 
Biosystems) to reduce the sequence error produced by automatic editing. The edited 
sequence was used to homology search using BLASTX + BEAUTY program at the 
Baylor College of Medicine (BCM) Search Launcher (URL: http:// 
dot.imgen.bcm.tmc.edu:9331/ seq-search/nucleic_acid-search.html). To effectively 
sort out abundant ESTs, signature sequence for each EST was searched based on the 
principle of SAGE (Velculescu et al, 1995). The first appeared four nucleotides (5， 
CATG 3，）from 3’ end sequence were searched. Then the nine nucleotides before 
these four nucleotides plus these four nucleotides (totally 13 nucleotides) were used 
as the signature sequence. 
2.2.2 Reverse dot-blot hybridization 
2.2.2.1 PCR amplification ofcDNA clone 
cDNA clones with different insets were firstly amplified using T3 and T7 
primers in 100 p,l ofPCR condition containing 1 U of Taq polymerase plus 1 X PCR 
reaction buffer (Pharmacia), 1.5 mM MgClj, 0.2 mM of dNTPs mixture. PCR was 
performed to 40 cycles of 94�C，1 min; 58°C, 1 min; 72°C, 2 min. The size of insert 
was confirmed by gel electrophoresis. 
2.2.2.2 Membrane preparation 
The dot-blot apparatus (Bio-Rad) was firstly clean with ultra-pure water and 
subsequently with pure ethanol to remove any oil. After air-drying, the positively 
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charged nylon membrane (Hybond N+ Amersham) was place onto the gasket and 
fixed by cover. About 400 i^l of ultra-pure water was added to each well to pre-wet 
the membrane. A proportion of 12 p,l of each amplified PCR product from cDNA 
clone was denatured into denaturation solution containing 168 \i\ ultra-pure water 
and 20 ^1 of freshly prepared 2 M NaOH and incubated for at least 15 minutes. The 
denatured PCR products were then dotted into the wells and 400 p,l of20 x SSC (3 M 
NaCl, 0.3 M sodium citrate) was used to wash each well. The membrane was air-
dried and baked at 80°C for 2 hours to fix the ssDNA onto the membrane. 
2.2.2.3 cDNA probe preparation 
Total RNA samples from mycelium and primordium were isolated (2.2.1.1). 
Contaminated DNA in 4 |ig of each total RNA was removed by DNase I 
(GIBCOBRL) in 10 ^1 of reaction mixture containing 1 i^l of 10 x DNase I Reaction 
Buffer (200 mM Tris-HCl, pH8.4, 20 mM MgClj, 500 mM KC1) and 1 ^ 1 ofDNase I’ 
Amp Grade. The reaction was kept at room temperature for 15 minutes. Then DNase 
I was inactivated by adding 1 i^l of 25mM EDTA and incubated at 65�C for 10 
minutes. 
One ^1 of oligo-dT,6.,8 (500 ^g/ml) primers was added to the treated RNA 
and DEPC water was adjusted to finally volume of 12^il. The mixture was denatured 
at 70°C for 10 minutes and then immediately placed on ice. The mixture of 4 ^1 of 5 
X first strand buffer (250 mM Tris-HCl, pH8.3, 375 mM KC1 and 15 mM MgCy, 1 
|il of 10 mM dNTPs mixture and 2 jil of0.1 M DTT was added. After pre-warming 
to 42�C，1 M-1 ofSuperScript™ IIRT (200U/ ^1, GibcoBRL) was added and incubated 
at 42°C for 50 minutes for first strand cDNA synthesis. The reaction was stopped by 
heating at 70°C for 15 min. one i^l of RNase H (GIBCOBRL) was added and 
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incubated at 37°C for 15 min to remove RNA hybrids. All cDNA was then purified 
by PCR purification Kit (QIAGEN) and finally dissolved in 28 i^l ofdouble distilled 
water. 
Megaprime™ DNA labeling systems (Amersham) was used to label the 
probes with [a-32p] dCTP isotope. Five i^l of random nonamer primers was added to 
28 i^l of purified cDNA and heated at 95°C for 5 min. The mixture was allowed to 
cool to room temperature. The labeling reaction was performed at 37�C for 1 hour by 
adding 10 ^1 of labeling buffer (dATP, dGTP, dTTP in Tris-HCl, pH7.5, 2-
mercaptoethanol and MgCy, 2 ^1 ofDNA polymerase I Klenow fragment (lU/ ^il), 
and 5 ^1 of[a-32p] dCTP (3000 Ci/mmol). 
The Nick column (Pharmacia)was equilibrated with about 3 ml freshly 
prepared TE buffer (pH7.5). Labeled probe was added into the Nick column. The 
first addition of 400 i^l ofTE buffer ^>H7.5) was used to remove the unincorporated 
nucleotides. The purified probe was eluted with another 400 i^l ofTE buffer ^)H7.5), 
• • 
denatured at 95°C for 5 minutes and immediately cooled down on ice. 
2.2.2.4 Hybridization 
The membrane was prehybridized in the hybridization buffer containing 
final concentration of 5 x SSPE (0.9 M NaCl; 0.05 M sodium phosphate, pH7.7; 
0.005 M EDTA), 5 x Denhardt solution (0.1% BSA, 0.1% Ficoll™, 2% PVP), 1% 
SDS and 100 ^g/ml heat denatured non-homologous DNA (salmon sperm DNA) at 
60°C for 4-6 hours. Then same volume of fresh hybridization buffer containing the 
prepared probe was added to the hybridization buffer and incubated at 60°C for about 
16 hours. 
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2.2.2.5 Stringent washing and autoradiography 
The hybridized membrane was rinsed twice with 2 x SSPE in 0.1% SDS 
solution at room temperature. Then the membrane was stringently washed with 1 x 
SSPE plus 0.1% SDS and 0.1 x SSPE plus 0.1% SDS once each at 60�C 20 minutes. 
Autoradiography of the hybridization signals was performed by exposing into a 
Storage Phosphor Screen (Molecular Dynamics) and staying at room temperature. 
The hybridization signals were quantified by STORM Molecular Dynamics 860 
(Line Analytics Ltd.). 
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2.3. Results 
2.3.1 Construction of primordium cDNA library 
Primordium cDNA library was constructed using SMART™ PCR cDNA 
Library Construction Kit (CLONTECH Laboratory, Inc.). The cDNA library 
constructed in this study is non-directional; all PCR products contain EcoRI ligation 
sites on both 3’ and 5’ ends. The cDNA library was cloned into ZAP Express™ vector 
(lambda bacteriophage) and packaged with Gigapack III Gold Packaging Extract 
(Stratagene). 
Observatory result showed that about 1.25 x 10^  recombinant plaques per i^g 
of vector were obtained for this cDNA library. It is expected that 5 x 10^  recombinant 
plaques per i^g of vector can be generated using the above kits. Thus the efficiency of 
ligation of vector to inserts was only 2.5 %. 
2.3.2 Screening of recombinant clone 
The excised colonies were randomly picked and screened using PCR 
reaction with T3 and T7 primers that flank the multiple cloning sites with 184 bp 
between them. Thus the actual insert size in a PCR product should be the size 
resolved in gel minus 184 bp. cDNA clones with PCR product sizes longer than 500 
bp (insert size longer than 300 bp) were selected for plasmid extraction and 
sequencing (Fig. 2.3). About 50% of the randomly selected cDNA clones were found 
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Fig. 2.3 A, B, C. Gel electrophoresis of PCR products of one batch of randomly 
selected cDNA clones, using T3 and T7 as primers. 41 of 51 PCR products showed 
their sizes more than 500 bp, mostly from 700 bp to 1.2 kb. 
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2.3.3 Isolation and reconfirmation of recombinant plasmid 
The concentrations of purified recombinant plasmids were normally ranged 
from 100 ^g/ml to 500 ^ig/ml with absorbance ratios (ODjgo/ODjgo) ranging from 1.5 
to 1.8. Enzymatic digestion for each purified recombinant plasmid was performed to 
reconfirm the size of insert (Fig. 2.4). This step can also ensure the quality of 
plasmid for subsequent sequencing analysis. The size of insert in agarose gel is equal 
to the actual insert size plus about 100 bp. 
A. 
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Fig. 2.4 A, B. Gel electrophoresis of enzymatically digested recombinant plasmids 
with KpnI and SacI restriction enzymes. Some cDNA inserts contain multiple cutting 
sites. Arrows indicate the digested plasmids. 
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2.3.4 Generation ofEST 
Single-pass, 3，end partially sequence for each selected cDNA clones was 
generated by using oligo dT25N primer mix and analyzed by ABI 310 Sequencer 
(PerkinElmer). We refer each partial sequence as an EST. For most clones, 400 to 
600 nucleotides were readable with the ABI 310 Sequencer. Manual editing was 
performed for each single-pass sequence using the software SeqEd version 1.0.3. (PE 
Applied Biosystems) to reduce the sequence error. Determination of signature 
sequence for each sequence allowed the identification of the previously occurred 
EST. Besides one contaminated ribosomal RNA, 404 ESTs were generated in this 
study. By comparing signature sequences among all ESTs, or comparing the whole 
sequences if no signature sequence was found, 296 different ESTs were obtained. 
Among them, 248 ESTs appeared only once, and the rest appeared more than twice 
(Table 2.1). 91 ESTs (22.5%) encoding ribosomal proteins. 
Table 2.1. Summary of the appearing frequency of cDNA clones 
Total 
No. ofRepeat 1 2 3 4 5 6 9 10 H 
No. ofClone 248 23 13 6 1 2 1 1 1 296 
Percent(%) 83.8 7.8 4.4 2.0 0.3 0.7 0.3 0.3 0.3 100 
2.3.5 EST identity 
To identify potential homologs to ESTs of L edodes, the BLASTX + 
BEAUTY algorithm at the Baylor College of Medicine (BCM) search launcher was 
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used to translate each EST nucleotide sequence into six possible reading frames to 
compare with the NCBI protein sequence database. The possibility of putative 
homolog for an EST was reflected by a P value, which is determined by statistical 
alignments. The lower the p value, the higher probability for EST matches with the 
putative homolog. The matches of putative homolog in the database were divided 
into (1) highly significant match (P values < 10'^ °), (2) moderately significant match 
(P values between 10'^  to 10'''), (3) weakly significant match {P value between 10"^  
to 10’，and (4) no significant match {P value > 10'^ ). For those ESTs showing 
moderately significant to highly significant matches, their sequences were found to 
match the major domains of putative homolog. So ESTs of these two classes mostly 
reflect good homology. Among the 296 distinct ESTs, more than 50% of ESTs were 
considered to truly match (P value < 10"^ ) their putative homologs in the NCBI 
protein database (Table 2.2). Almost 40% ofESTs showed no statistically significant 
match with any homolog in the protein database, and there were defined as novel 
ESTs for L. edodes. 
Table 2.2. Summary of P values of cDNA clones from homologous searches by the 
BLASTX + BEAUTY algorithm in the BCM Search Launcher 
No. ofEST Percentage (%) 
Highly significant (p<10"^ )^ 99 33.5 
Moderately significant (10'^  - 10 '’ 67 22.6 
Weakly significant (10"^ -10 )^ 17 5.7 
No significant match 0?>10"^ ) 113 38.2 
^ ^ m m 
Note: 
296 of distinct ESTs were found by comparing their signature sequences or whole 
sequences. EST showing weakly or no significant match homologous genes ofother 
organisms were defined as novel ESTs for L edodes. 
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For ESTs showing moderately to highly significant matches to putative 
homologs, their putative cellular roles were categorized based on the methods 
developed by the Expressed Gene Anatomy Database (EGAD) by The Institute for 
Genomic Research (TIGR) at: http://www.tigr.org/docs/tigr-scripts/egad scripts 
/role report.spl (White and Kerlavage, 1996). Also, the classifications of certain 
ESTs were based on the method of Nelson (1997). Seven categories of cellular 
functions were defined including functions involved in cell division, cell signaling or 
cell communication, cell structure, cell defense, RNA synthesis, protein Synthesis 
and metabolism. The classifications of 166 of truly matched ESTs were summarized 
in table 2.3. Among them, about 34.3% were involved in protein synthesis, 21.1% in 
metabolism, 7.2% in RNA synthesis and 6.6% in cell defense. Fewer genes were 
involved in cell structure (4.8%), cell signaling (4.8%) and cell division (0.6%). 20% 
ofEST could not be classified because their functions are not very clear classified up 
to now. The detail classification of 166 truly matched ESTs was shown in table 2.4. 
Table 2.3. Summary of the defined categories of cDNA clones 
Categories No. ofEST Percentage (%) 
1. Cell Division 1 0.6 
2. Cell Signaling/Cell Communication 8 4.8 
3. Cell Structure 8 4.8 
4. Cell/Organism Defense 12 6.6 
5. RNA Synthesis 11 7.2 
6. Protein Synthesis 57 34.3 
7. Metabolism 35 21.1 
8.Unclassified 34 20.5 
^ \ l66 m 
Note: 
166 truly matched ESTs were found to show moderately to highly significant 
matches to putative homolog in BCM protein database (P value < 10"^ ). 
49 
Table 2.4. Putative identification of 166 truly matched L. edodes ESTs 
Clone ID Match Acc Identification Species* P value Ratio* 
1. Cell Division 
1.1. Chromosome Structure 
PEL185 122068 Histone H3 U.caupo Lle-58 P3.1 
2. Ceil SignalUng / CeU Communication 
2.1. Channels / Transport Proteins 
PEL368 2133172 Synaptobrevin S. cerevisiae 5e-26 S 
2.2. Effector 
PEL597 543843 ADP-ribosylation Factor I S.pombe 4.1e49 P3.7 
2.3.IntraceUular Transductors 
PEL235 417095 Developmentally regulated GTP- H. sapiens 9.8e-54 P5.1 
binding protein 
PEL557 232140 Guanine nucleotide-binding protein C. congregatus 1.5e-28 S 
alpha subunit 
PEL408 3023852 Guanine nucleotide-binding protein N. crassa 1.2e-58 P2.8 
Beta-like protein 
PEL212 121018 Guanine nucleotide-binding protein S. cerevisiae 9.7e-7 P2.2 
gamma subunit 
PEL492 32536 GTP-binding protein RH01 S. cerevisiae 7.4e46 S 
PEL339 131797 RAS-related protein RAB-7 C.familiaris 5.7e-52 P7.0 
3. Cell Structure / Cytoskeleton 
PEL366 4001803 BAF53a Actin related protein H. sapiens 6e-26 S 
PEL396 461518 Clathrin coat assembly protein S. cerevisiae 9.0e-39 S 
PEL314 537935 Het-C P. anserina 9.7e-30 P6.0 
PEL163 2370371 Hydrophobin (I) P. ostreatus 7.7e-25 P43.1 
PEL107 2982620 Hydrophobin POH2(II) P. ostreatus 5.6e-28 M6.3 
PEL608 2982620 Hydrophobin (III) P. ostreatus 2.6e-23 M2.6 
PEL052 1537068 Nucleoporin P58 R. rattus 1.5e-7 -
PEL117 134780 Spore coating protein D. discoideum 5.1e-7 S 
4. Cell / Organism Defense 
PEL280 2257236 Lipoic acid synthetase precursor S. pombe 2.0e-39 S 
PEL199 1657456 Merozoite surface protein 2 R falciparum 1.3e-9 -
PEL393 3914244 OMST oxidoreductase A.flavus 1.7e-13 P2.8 
PEL012 3393020 T-complexprotein 1 gamma subunit S.pombe 1.6e-38 S 
4.1. Detoxification 
PEL274 2498169 Metal homeostasis factor ATX2 S. cerevisiae 3.1e-6 P2.7 
PEL221 2497900 Metallothionein-like Protein type 2 L esculentum 7.1e-6 P18.6 
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Table 2.4. - Continued 
Clone ID Match Acc Identification Species* P value Ratio* 
4.2. Stress Response 
PEL478 464887 Cold shock induced protein TIR S. cerevisiae 4.0e-7 S 
precursor 
PEL402 630369 Heat shock protein YGE1 precursor S. cerevisiae 6.4e-22 S 
PEL016 3757828 HSP60 D. melanogaster 1.2e-7 P2.8 
PEL540 2116685 Heat shock protein 70 HSP70 S.pombe 2.5e^41 P4.7 
PEL249 3738163 Putative DNA J domain containing S.pombe 6.2e-12 S � 
protein 
PEL305 603808 STT3 protein S, cerevisiae 1.5e-13 P5.4 
5. RNA Synthesis 
5.1. Transcriptional Factors 
PEL344 3219782 CCR4-associated factor 1 (CAF1) M. musculus 1.6e-15 S 
PEL043 1170507 Eukaryotic initiation factor 4A-3 N. plumbaginifolia 1.6e-18 P2.3 
PEL515 2706455 Protein involved in transcription S.pombe 4.0e-54 S 
initiation 
PEL570 3702632 Putative transcriptional regulator S.pombe 5.9e-16 P2.9 
5.2. RNA Processing 
PEL432 128840 Nucleolin protein c23 G. gallus 1.9e-8 P6.3 
PEL319 2935228 Poly A binding protein RB47 C. reinhardtii 5.3e-13 P3.8 
PEL175 1402875 RNA helicase A. thaliana 1.0e^9 P3.8 
PEL306 2330647 Ribonucleoprotein R satirum 2.2e-13 P2.6 
PEL550 4826972 RNA binding motifprotein 8 S. cerevisiae 2.8e-22 P4.0 
PEL088 2467274 RNAbinding protein S.pombe 2.3e-20 S 
PEL581 730962 RNA binding protein S. cerevisiae 2.1e-6 P7.2 
6. Protein Synthesis 
6.1. Post translation Modification 
PEL287 2499921 CAAX prenyl protease 2 (PPSEP2, S. cerevisiae 4.2e-17 S 
RACE) 
PEL496 1825655 Carboxyl-terminal one-third of C. elegans 1.3e-12 P6.5 
ribophorin II precursor 
PEL455 2407247 Nascent polypeptide associated D. melanogaster 3.4e-26 P2.6 
complex alpha chain 
PEL529 1717872 Ubiquitin carboxy-terminal hydrolase S. cerevisiae 1.6e-15 M4.0 
8 
PEL335 1083824 Ubiquitin like protein R. rattus l.le-13 S 
PEL243 422248 Ubiquitin basidiomycetes R chrysosporium 2.2e-68 -
PEL422 4151082 Ubiquitin S. dommcula 3.8e-20 P2.9 
PEL096 2408009 Ubiquitin S.pombe 3.4e-75 P3.2 
6.2. Protein turnover 
PEL589 172805 Putative protease QR17 S. cerevisiae 9.0e-17 P2.9 
PEL183 1480413 Preproacrosin Sussp. 4.8e-6 P2.1 
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Table 2.4. - Continued 
Clone ID Match Acc Identification Species# P value Ratio* 
6.3. Ribosomal Proteins 
6.3.1.40S Ribosomal proteins 
PEL333 25500399 40S ribosomal protein S3 A. mexicanum 2.1e-49 -
PEL164 1350986 40S ribosomal protein S3A 0. sativa 4.6e-69 -
PEL495 133945 40S ribosomal protein S4 S. cerevisiae 1.3e-6 -
PEL463 30343428 40S ribosomal protein S5 C. arietinum 3.0e-50 -
PEL322 133980 40S ribosomal protein S6 S.pombe 3.8e-14 -
PEL511 1351010 40S ribosomal protein S7 S. cerevisiae 3.1e-56 -
PEL426 3806118 40S ribosomal protein S8 S. commune 3.5e-54 -
PEL481 3122784 40S ribosomal protein S12 S.pombe 4.2e>41 -
PEL294 1173201 40S ribosomal protein S14 C. reinhardtii 1.3e-54 -
PEL296 464706 40S ribosomal protein S15 P. anserina 3.4e40 -
PEL267 2500496 40S ribosomal protein S19 S.pombe l . l e 4 6 -
PEL506 2702367 40S ribosomal protein S24 C elegans 6.0e-26 -
PEL206 133893 40S ribosomal protein S26 0. vulgaris 5.0e-32 -
PEL528 3367793 40S ribosomal protein S27 S.pombe 8.9e-34 -
PEL334 1710760 40S ribosomal protein S28 S.pombe 7.6e-23 -
PEL297 3128243 40S ribosomal protein S30 P. rhodozyma 2.0e-28 -
PEL530 2612826 40S ribosomal protein S39 S.pombe 8.6e-20 -
6.3.2. 60S Ribosomal protein 
PEL436 1710587 60S ribosomal protein pO G. max 9.2ee-30 -
PEL358 3123705 60S ribosomal protein L7 5. cerevisiae l.Oe-43 -
PEL567 417670 60S ribosomal protein L7A-1 S. cerevisiae 1.3e-36 -
PEL286 1172812 60S ribosomal protein L10 S. cerevisiae 1.1 e-64 -
PEL620 3650379 60S ribosomal protein LlOa S.pombe 3.0e-72 -
PEL316 266921 60S ribosomal protein L12 H. sapiens 2.8e-63 -
PEL361 4091817 60S ribosomal protein L14 S. cerevisiae l.Oe-25 -
PEL246 3687466 60S ribosomal protein L15 S.pombe 2.3e-58 -
PEL395 1132951 60S ribosomal protein L16 S. cerevisiae 3.6e42 -
PEL524 2239235 60S ribosomal protein L17 S.pombe l.le^44 -
PEL534 173063 60S ribosomal protein L17B S. cerevisiae 1.9e40 -
PEL181 3133098 60S ribosomal proteinL23 S.pombe 4.1e-51 -
PEL380 2507312 60S ribosomal protein L23A R graminis 5.9e-6 -
PEL501 1644321 60S ribosomal protein L24 S.pombe 4.7e-26 -
PEL437 3747050 60S ribosomal protein L26 Z. mays 3.3e-39 -
PEL489 1710574 60S ribosomal protein L26A S. cerevisiae 2.1e-32 -
PEL087 132845 60S ribosomal protein L27A N. crassa 4.0e-53 -
PEL091 2507317 60S ribosomal protein L30 S.pombe l.Oe-28 -
PEL239 132946 60S ribosomal protein L30B S. cerevisiae 5.0-37 -
PEL142 132911 60S ribosomal protein L31 5". cerevisiae 6.1e-38 -
PEL508 1084587 60S ribosomal protein L34 S. cerevisiae 4.5e-37 -
PEL596 731810 60S ribosomal protein L34B S. cerevisiae 6.6e-31 -
PEL264 132917 60S ribosomal protein L35 R. rattus 2.5e-35 -
PEL224 3650230 60S ribosomal protein L36 S.pombe 6.9e-23 -
PEL266 266942 60S ribosomal protein L37 H. sapiens 2.8e-25 -
PEL213 3098458 60S ribosomal protein L37A C stelleri 2.4e-35 -
PEL071 2317280 60S ribosomal proteinL38 S.pombe 4.9e-19 -
PEL603 575449 60S ribosomal protein L41 C. cinereus 3.7e-53 -
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Table 2.4. - Continued 
Clone ID Match Acc Identification Species# P value Ratio* 
6.3.3. Mitochondrial Ribosomal Proteins 
PEL332 1350789 Mitochondrial 60S ribosomal proteins S. cerevisiae 9.4e-18 -
L3 precursor 
PEL425 1710602 Mitochondrial 60S ribosomal proteins S.pombe 4.9e-16 -
L30 precursor 
7. MetaboUsm 
7.1. Amino Acids 
PEL238 731012 Anthranilate synthase component I S. cerevisiae 4.7e-56 P3.3 
PEL281 87571 Glycine dehydrogenase precursor H. sapiens 4.5e-50 S 
PEL427 2499804 Protein arginine-N-metyltransferase I R. norvegicus 6.8e-26 M5.6 
7.2. Cofactors 
PEL277 2133089 RIB4protein S. cerevisiae l.Oe-32 P5.8 
PEL293 2232272 B2-aldehyde forming enzyme S. commune 2.2e-7 P2.8 
7.3. Energy / TCA Cycle 
PEL493 2258365 NADH dehydrogenase R. americana 305e-71 -
PEL309 549725 NADH-cytochrome B5 reductase S. cerevisiae 4.1e-37 P2.0 
precursor 
PEL590 3687299 ATPase, Vacuolar subunit M9.7 S. cerevisiae 9.0e-10 P2.0 
PEL371 4138286 Adenylate kinase N.frontalis 8.9e-54 P5.1 
PEL449 114565 ATP synthase beta chain, S.pombe 2.7e-80 P7.4 
mitochondrial precursor 
PEL552 2493097 ATP synthase H chain, mitochondrial S. cerevisiae 7.5e-5 S 
precursor ” 
PEL317 3913097 ATP synthase J chain, mitochondrial S.pombe 1.4e-9 S 
PEL241 1705871 Citrate synthase mitochondrial A. niger 2.0e-54 P5.0 
precursor 
PEL203 117091 Cytochrome C oxidase polypeptide V N. crassa 5.6e-ll P2.9 
precursor 
PEL448 416828 Cytochrome C oxidase polypeptide S. cerevisiae 4.9e-9 P36.3 
VLA. precursor 
PEL372 2144520 H+ -transporting ATP synthase chain b 5. cerevisiae 2.8e-35 P4.3 
precursor 
PEL217 2499312 NADH ubiquinone oxidoreductase A. niger 5.8e48 P4.0 
complex I 
PEL450 189754 Pyruvate dehydrogenase beta subunit H. sapiens 6.1e-38 P16.4 
7.4. Lipid 
PEL374 118678 Dihydrolipoamide dehydrogenase S. cerevisiae 5.9e49 S 
precursor 
PEL415 629142 Phosphoglycerate dehydrogenase B. substilis 3.5e-24 S 
7.5. Nucleotide 
PEL543 450080 Endonuclease I-sacIII S. cerevisiae 2.9e-24 P5.2 
PEL348 499697 NUC1 (nuclease) S. cerevisiae 6.7e-10 S 
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PEL484 3914815 Ribonuclease L edodes 8.7e-56 P4.3 
PEL092 323009 Ribonuclease LE2 L. edodes 3.6e40 P2.7 
PEL407 3334390 Thioredoxin II S.pombe 4.8e-15 S 
PEL 301 3877759 Thioredoxins cDNA C elegans 1.2e-12 P2.4 
7.6. Sugar / Glycolysis 
PEL379 544159 Sorbital dehydrogenase S. cerevisiae 3.8e-22 -
PEL282 283000 1,4-a-glucan branching enzyme 0. sativa 3.6e-24 S 
precursor 
PEL443 417021 Glyceraldehyde 3 phosphate S. commune 6.4e46 S 
dehydrogenase 
PEL545 547901 Malate dehydrogenase, mitochondrial S. cerevisiae 7.5e-23 P2.2 
precursor 
7.7. Secondary MetaboUsm 
PEL405 1722901 Endo-l,4-beta-xylanase II precursor A. niger 2.4e-62 S 
7.8. Transport 
PEL451 1168620 Bacterioferrintin comigratory protein H. influenzae 5.0e-9 P11.8 
homolog 
PEL423 549755 Carboxylic acid transporter protein S. cerevisiae 7.9e-9 P10.5 
homolog 
PEL338 1438902 MfMPC, mitochondrial phosphate P.falciparum 2.0e-19 S 
carrier 
8. Unclassified 
PEL098 C25A1.6 C. elegans 2AtAA ‘ -
PEL234 483159 COI intron 12 protein P.anserina 1.8e-60 S 
PEL518 1076555 Extensin like protein V. nguiculata l .le-6 P3.6 
PEL466 3169067 Hypothetical serine rich protein S.pombe 1.3e-8 P2.1 
PEL616 3128360 2-hydroxyhepta-2,4-dioateisomerase R. capsulatus 8.7e-29 P6.7 
PEL060 2132229 Hypothetical protein YPL199c S. cerevisiae l.le-9 -
PEL128 731448 Hypothetical 18.3kD protein in S. cerevisiae 4.2e-7 P3.7 
GAL83-YPT8 
PEL198 1657456 Hypothetical 23.1 kD protein in E.coli 1.9e-17 P7.3 
DMSC-PFLA intergenic 
PEL256 3219956 Hypothetical protein C57A701 in S. cerevisiae 2.0e-16 P2.6 
chromosome 1 
PEL303 3169083 Hypothetical protein S.pombe 2.1e-13 P2.7 
PEL352 2131847 Hypothetical protein YMR244c-a 5". cerevisiae l.le-11 S 
PEL354 2131847 Hypothetical protein S. cerevisiae 6.0e-9 S 
PEL365 1723879 Hypothetical protein in madl-SCYl S. cerevisiae 4.1e-18 S 
PEL388 549660 Hypothetical protein RAMS-ATP7 S. cerevisiae 1.5e-6 P2.5 
PEL452 2879797 Hypothetical protein S.pombe 9.2e-16 P2.9 
PEL519 2879876 Hypothetical protein 5". cerevisiae 4.5e-6 P3.0 
PEL520 373814 Hypothetical protein S. cerevisiae 1.5e-16 P30.5 
PEL525 2961298 Hypothetical protein S. cerevisiae l .le-8 P3.5 
PEL532 3874563 Hypothetical protein YEY6 like S. cerevisiae 6.7e45 S 
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PEL547 2131358 Hypothetical protein YDL201W S. cerevisiae 5.1e-15 P5.1 
PEL583 2131721 Hypothetical protein YHR004C-A S, cerevisiae 2.2e-16 S 
PEL591 103208 Hypothetical protein D. melanogaster 6.6e-8 S 
PEL607 731704 Hypothetical protein S. cerevisiae 5.5e-11 P15.1 
PEL204 431953 Nucleic acid binding protein H. sapiens 1.9e-10 P3.2 
PEL051 1352698 PAC10 protein S. cerevisiae 8.3e^ -
PEL192 2132426 Probable membrane protein YDL072C S. cerevisiae 2.7e-ll P2.2 
PEL523 1730544 Prohibitin S. cerevisiae 8.0e49 ‘ P2.6 
PEL563 4455181 Putative protein A. thaliana 2.6e-27 S 
PEL575 2244629 Septin A. bisporus 3.6e-23 Pl l . l 
PEL336 3329392 SL15 protein H. sapiens 1.5e-14 M2.9 
PEL431 5860009 S0H1 protein 5". cerevisiae 1.9e-7 S 
PEL419 2493152 Streptavidin VI precursor S. violaceus 1.2e-17 S 
PEL430 3420051 Unknown protein A. thaliana 1.3e49 S 
PEL214 2619026 Yoan B. substilis 1.0e43 P6.3 
Note: 
* Expression ratio between mycelium and primordium obtained from reverse dot-
blot hybridization. Letter "M" means cDNA clone is preferentially expressed in 
mycelium. Letter "P" means the cDNA clone is preferentially expressed in 
primordium. The value after "M" or "P" indicates the level. Letter "S" means 
expression ratio is similar. Symbol "-" means the cDNA clones was not analyzed. 
# Abbreviations of species names: A. mexicanum: Ambystoma mexicanum; A. flavus: 
Aspergillus flavus; A. niger: Aspergillus niger; B. substilis: Bacillus substilis; C. 
elegans: Caenorhabditis elegans： C. familiaris: Canis familiaris; C arietinum: 
Cicer arietinum; C. reinhardtii: Chlamydomonas reinhardtii： C. congregatus: 
Coprinus congregatus; C. stelleri: Cryptochitou stelleri; D. discoideum: 
Dictyostelium discoideum： D. melanogaster: Drosophila melanogaster; G, gallus: 
Gallus gallus; G. max: Glycine max; H. influenzae: Haemophilus influenzae; H. 
sapiens: Homo sapiens; L esculentum: Lycopersicon esculentum; M. musculus: Mus 
musculus; N,frontalis: Neocallimastix frontalis; 0. sativa: Oryza sativa; 0. vulgaris: 
Octopus vulgaris： P. rhodozyma: Phaffia rhodozyma： P. chrysosporium: 
Phanerochaete chrysosporium; R satirum: Pisum satirum; P. falciparum: 
Plasmodium falciparum; R ostreatus: Pleurotus ostreatus; R anserina: Podospora 
anserina; P. graminis: Puccinia graminis; R. norvegicus: Rattus norvegicus： R. 
rattus: Rattus rattus： R. americana: Reclinomonas americana; R. capsulatus: 
Rhodobacter capsulatus; S. violaceus: Streptomyces violaceus; S. domuncula: 
Suberites domuncula; U. caupo; Urechis caupo; V. nguiculata: Vigna nguiculata： Z 
mays: Zea mays. 
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2.3.6 Reverse dot-blot hybridization 
Reverse dot-blot hybridization was used to analyze the expression 
patterns of identified cDNA clones between mycelial and primordial stages. cDNA 
clones were firstly amplified using T3 and T7 primers. To ensure the quantities of 
PCR products to be excessive comparing with the cDNA probes, the quantities of 
PCR products were briefly estimated by gel electrophoresis and ethidium bromide 
staining (Fig. 2.5). The concentrations of total RNA from mycelium and primordium 
was also determined by gel electrophoresis before probe synthesis. The quantities of 
18s rRNA and 28s rRNA in mycelial RNA and primordial RNA were similar 
indicating the RNA loading concentrations were similar (Fig. 2.6). 
Except ribosomal proteins, total 235 distinct cDNA clones were analyzed 
by reverse dot-blot hybridization. The identities of cDNA clones on different 
membranes were showed in figure 2.7. A L. edodes gene encoding 18S rRNA, 
proved to show similar expression level among different developmental stages in L. 
edodes (Leung, 1998)，was used as the normalization control along with the 
examined ESTs. Besides, other L edodes genes with well-characterized expression 
pattem during fruiting development were used as control. For example, L. edodes 
hydrophobin gene 1 {Le.hydl) and hydrophobin 2 {Le.hyd2) were found to have 
higher expression level in primordial and mycelial stage respectively fNg et al, 
2000). Thus the opposite expression patterns for Le.hydl and Le.hyd2 can serve as 
controls for probe inputs. 
The hybridization signals were absorbed by the phosphate screen, 
scanned and quantified with STORM Molecular Dynamics 860 (Line Analytics Ltd.). 
The hybridization signals for 235 ESTs with total cDNA probes from mycelial and 
primordial stages were showed in figure 3.8. 
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Fig. 2.5. PCR amplification of cDNA clones prior to reverse dot-blot hybridization. 






^^ WP^ ^^ WWH 
| ^ r j ^ — — 2 8 s rRNA 
^ ^ ^ ^ ¾ ^ 18srRNA 
Fig. 2.6. Electrophoresis of total RNA samples. Same volume of total RNA samples 
from mycelium (M) and primordium (P) were quantified by electrophoresis. 
57 
( I ) 
1 2 3 4 5 6 7 8 9 10 11 12 
A 001 012 013 016 023 043 084 088 092 093 096 101 
B 102 107 l r T 120 H ^ 132 U o 153 163 T ^ T ^ ~ ~ v F T 
C 179 180 " T ^ 183 1 ^ 190 ~[92 194 197 l ^ " 2 0 r " 2 0 T 
D 204 210 " W 212 TTT" 217 ^ 8 219 221 222 234 235 
E 236 238 l i T 244 2 ^ 254 255 256 273 274 ^ l ^ ^ f T 
F 279 280 281 282 283 284 ~ 2 ^ 293 298 301 302 303 
G 304 305 ~ 3 ^ 308 3 0 ^ 312 313 314 317 "318 319 ~ 1 ^ 
H 323 324 325 327 330 335 b* c* d* e* h* i* 
(II) 
1 2 3 4 5 6 7 8 9 10 11 12 
A 336 337 338 339 340 341 343 344 348 350 352 354 
B 355 356 3 ^ 365 366 368 370" 371 372 ~ ^ 375 1 ^ 
C 387 388 " H 394 ~ 3 ^ 397 402 404 405 406 407 ~ ^ 
D 409 410 ~ J r r 412 4 ^ " 415 "71?" 417 419 420 422 423 
E 424 427 428 429 430 431 432 435 441 442 443 444 
F 445 446 ~447" 448 _&9 450 ~ ^ 1 452 453 455 456 459 
G 461 465 4 ^ 467 471 473 476" 478 480 1 ^ 515 ~ 5 ^ 
H 529 540 557 570 608 a* b* c* d* e* P g ~ 
(I I I ) 
1 2 3 4 5 6 7 8 9 10 11 12 
A 482 483 484 486 487 490 493 494 496 500 502 504 
B 507 509 ~510 517 "ITT 519 520" 522 525 H 7 " 532 ~l36~ 
C 538 541 5 i r 543 l i T 545 547_ 549 550 ~ 5 ^ 552 " s ^ 
D 563 564 " H 568 ^ 7 1 575 578 581 583 " W 590 " W 
E 597 601 ^ 616 618 620 ~ ^ 628 
F a* b* c* " " d ^ e* 一 P g* — 
Fig. 2.7 (I)，（II)，(III) Identities ofcDNA clones on Nylon membranes. The number 
in the box refers to the cDNA clone number. 
Note: 
* a to i represent to different controls used for reverse dot-blot hybridization: a, PCR 
product ofnon-insert plasmid; b, Ultra distilled water; c - e, 18S ribosomal RNA -
used as the control in previous dot-blot hybridization (Leung, 1998); f, Hydrophobin 
2 of L. edodes {Le.hyd2); g, Hydrophobin 1 of L. edodes {Le.hydl)\ h, Ras gene of L 
edodes; i, Cycle B gene of L edodes. 
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1 2 3 4 5 6 7 8 910 11 12 1 2 3 4 5 ^ 7 8 9 10 11 12 
誦圖 
Mycelium Primordium 
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1 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 10 11 12 
• » ^mp|j^  ^^ P^I  Mycelium Primordium Fig. 2.8. Reverse dot-blot hybridization of cDNA clones between mycelium and primordium of L. des. 59 
2.3.7 Analysis ofhybridization signal 
Dividing the density ofthe control 18S rRNA normalized the deviation of 
signal densities among different membranes. Since the hybridization signal for 18S 
rRNA was almost the highest compared with other cDNA clones, the normalized 
hybridization densities for most of cDNA clones were less than 1.00. The expressed 
cDNA clones either in mycelium or primordium were determined by comparing their 
normalized hybridization densities. Table 2.5 shows the normalized hybridization 
densities and relative expression ratio of 235 cDNA clones in mycelium and 
primordium. Table 2.6 summarizes the range of expression ratio ofthe cDNA clones. 
It was found that larger number of cDNA clones showed expression ratio lower than 
2.0 (about 35%), between 2.0 to 4.9 (about 41%), or between 5.0 to 9.9 (about 15%), 
while fewer number of cDNA clones showed expression ratio higher than 10.0 
(Table 2.6). The normalized hybridization densities of 235 cDNA clones in 
mycelium and primordium were compared by scatter plot (Fig. 2.9). The trendline of 
the scatter plot intersects with the y-axis which is the normalized hybridization 
density in primordium, indicating that most of cDNA clones are most likely to be 
expressed in primordial stage. 
cDNA clones with expression ratio higher than 2-folds, either in mycelium 
or primordium, were defined as differentially expressed cDNA clones. Result from 
reverse dot-blot hybridization showed that 154 cDNA clones (65.5%) were 
differentially expressed either in mycelium or primordium (Table 2.5, 2.6). Among 
the 154 differentially cDNA clones, only 9 cDNA clones (about 6%) were found to 
be preferentially expressed in mycelium, while most of them (about 94%) were in 
primordium. 
To find out the relationship between appearing frequency and expression 
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ratio, appearing frequency of multiple cDNA clones was compared with their 
expressed ratio (Table 2.7). Most of multiple cDNA clones were found to show 
higher expression level in primordium compared with that in mycelium. But the 
number of repeated might not directly correlate to its expression ratio. For instance, 
cDNA clone PEL409 was found 11 times, but its expression level in primordium 
only showed about 2-folds than in mycelium (Table 2.7). 
For cDNA clones with putative homologs, their expression pattem between 
mycelium and primordium were summarized in table 2.4. Most of genes involved in 
cell communication, cell defense, RNA synthesis, protein synthesis, and metabolisms 
showed higher expression level in primordial stage, while genes involved cell 
structure showed vary differentiation either in mycelium or primordium. For novel 
cDNA clones, that showed weakly or even no significant matches with homologs in 
GenBank databases, 77 of them were found to be differentially expressed. Most of 
them showed higher expression level in primordium (Table 2.8). 
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Table 2.5. Quantified results for reverse dot-blot hybridization of235 distinct cDNA 
clones between mycelium and primordium 
Membrane ( I ) 
Normalized Density Expression Ratio 
Clone Mycelium Primordium Mycelium Primordium 
PEL001* 0.007 0.030 1.00 4.09 
PEL012 0.005 0.010 1.00 1.74 
PEL013* 0.008 0.035 1.00 4.58 
PEL016* 0.006 0.018 1.00 2.83 
PEL023* 0.008 0.021 1.00 2.70 
PEL043* 0.006 0.015 1.00 2.29 
PEL084* 0.008 0.019 1.00 2.26 
PEL088 0.011 0.018 1.00 1.56 
PEL092* 0.006 0.015 1.00 2.68 
PEL093 0.009 0.017 1.00 1.88 
PEL096* 0.018 0.056 1.00 3.21 
PEL101* 0.006 0.046 1.00 8.19 
PEL102* 0.009 0.053 1.00 6.15 
PEL107* 0.048 0.008 6.29 1.00 
PEL117 0.012 0.020 1.00 1.71 
PEL120* 0.007 0.080 1.00 11.15 
PEL128* 0.005 0.020 1.00 3.74 
PEL132 0.009 0.014 1.00 1.55 
PEL140* 0.007 0.014 1.00 2.07 
PEL153* 0.008 0.024 1.00 3.14 
PEL163* 0.010 0.410 1.00 43.09 
PEL174* 0.008 0.028 1.00 3.72 
PEL175* 0.013 0.049 1.00 3.81 
PEL177* 0.011 0.036 1.00 3.11 
PEL179* 0.006 0.018 1.00 2.90 
PEL180* 0.005 0.011 1.00 2.49 
PEL182 0.008 0.015 1.00 1.77 
PEL183* 0.008 0.018 1.00 2.13 
PEL185* 0.022 0.068 1.00 3.07 
PEL190* 0.007 0.014 1.00 2.15 
PEL192* 0.007 0.016 1.00 2.25 
PEL194* 0.016 0.050 1.00 3.17 
PEL197* 0.032 0.062 1.00 1.95 
PEL198* 0.010 0.072 1.00 7.29 
PEL202* 0.016 0.185 1.00 11.78 
PEL203* 0.016 0.046 1.00 2.88 
PEL204* 0.010 0.031 1.00 3.24 
PEL210* 0.005 0.012 1.00 2.45 
PEL211 0.015 0.017 1.00 1.12 
PEL212* 0.004 0.009 1.00 2.24 
PEL214* 0.008 0.048 1.00 6.32 
PEL217* 0.006 0.026 1.00 3.99 
PEL218* 0.006 0.035 1.00 5.45 
PEL219* 0.012 0.041 1.00 3.45 
PEL221* 0.009 0.162 1.00 18.64 
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Table 2.5. Membrane (III) - continued 
Normalized Density Expression Ratio 
Clone Mycelium Primordium Mycelium Primordium 
PEL222* 0.009 0.029 1.00 3.14 
PEL234 0.023 0.027 1.00 1.19 
PEL235* 0.007 0.037 1.00 5.06 
PEL236* 0.005 0.070 1.00 15.27 
PEL238* 0.006 0.020 1.00 3.30 
PEL241* 0.013 0.065 1.00 5.04 
PEL244 0.006 0.008 1.00 1.32 
PEL249 0.007 0.011 1.00 1.62 
PEL254* 0.008 0.020 1.00 2.71 
PEL255 0.004 0.08 1.00 1.87 
PEL256* 0.007 0.019 1.00 2.64 
PEL273 0.005 0.009 1.00 1.76 
PEL274* 0.005 0.013 1.00 2.68 
PEL276* 0.014 0.049 1.00 3.41 
PEL277* 0.006 0.036 1.00 5.77 
PEL279* 0.013 0.029 1.00 2.27 
PEL280 0.007 0.011 1.00 1.63 
PEL281 0.007 0.013 1.00 1.81 
PEL282 0.004 0.007 1.00 1.53 
PEL283 0.006 0.009 1.00 1.67 
PEL284 0.006 0.009 1.00 1.45 
PEL287 0.006 0.009 1.00 1.47 
PEL293* 0.080 0.225 1.00 2.81 
PEL298* 0.011 0.029 1.00 2.57 
PEL301* 0.007 0.016 1.00 2.37 
PEL302* 0.007 ” 0.058 1.00 7.78 
PEL303* 0.007 0.017 1.00 2.68 
PEL304* 0.009 0.048 1.00 5.30 
PEL305* 0.006 0.030 1.00 5.40 
PEL306* 0.008 0.020 1.00 2.57 
PEL308 0.005 0.009 1.00 1.62 
PEL309 0.005 0.008 1.00 1.74 
PEL312* 0.059 0.139 1.00 2.33 
PEL313 0.008 0.013 1.00 1.55 
PEL314* 0.006 0.037 1.00 5.98 
PEL317 0.187 0.106 1.76 1.00 
PEL318 0.018 0.022 1.00 1.22 
PEL319* 0.019 0.074 1.00 3.79 
PEL321* 0.007 0.156 1.00 23.41 
PEL323 0.007 0.010 1.00 1.52 
PEL324 0.004 0.007 1.00 1.55 
PEL325* 0.004 0.009 1.00 2.28 
PEL327* 0.007 0.019 1.00 2.92 
PEL330 0.008 0.014 1.00 1.83 
PEL335 0.015 0.028 1.00 1.87 
18S rRNA 1.000 1.000 1.00 1.00 
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Table 2.5. Membrane (III) - continued 
Normalized Density Expression Ratio 
Clone Mycelium Primordium Mycelium Primordium 
PEL336* 0.759 0.267 2.85* 1.00 
PEL337 1.143 0.709 1.61 1.00 
PEL338 0.328 0.270 1.22 1.00 
PEL339* 0.031 0.220 1.00 6.99 
PEL340 0.266 0.212 1.26 1.00 
PEL341 0.034 0.041 1.00 1.18 
PEL343 0.015 0.013 1.15 1.00 
PEL344 0.021 0.021 1.00 1.00 
PEL348 0.043 0.028 1.54 1.00 
PEL350 0.020 0.018 1.11 1.00 
PEL352 0.015 0.018 1.00 1.20 
PEL354 0.010 0.009 1.11 1.00 
PEL355 0.036 0.026 1.42 1.00 
PEL356 0.004 0.003 1.00 1.00 
PEL357 0.042 0.023 1.89 1.00 
PEL365 0.037 0.028 1.32 1.00 
PEL366 0.040 0.038 1.05 1.00 
PEL368 0.036 0.070 1.00 1.93 
PEL370 0.021 0.040 1.00 1.92 
PEL371* 0.026 0.131 1.00 5.09 
PEL372* 0.036 0.152 1.00 4.27 
PEL374 0.183 0.121 1.52 1.00 
PEL375 0.018 0.023 1.00 1.27 
PEL376 0.010 0.015 1.00 1.55 
PEL387* 0.048 0.120 1.00 2.52 
PEL388* O.CT64 0.161 1.00 2.50 
PEL393* 0.046 0.128 1.00 2.81 
PEL394* 0.044 0.181 1.00 4.13 
PEL396 0.058 0.044 1.32 1.00 
PEL397 0.075 0.054 1.40 1.00 
PEL402 0.072 0.054 1.34 1.00 
PEL404 0.059 0.060 1.00 1.01 
PEL405 0.028 0.032 1.00 1.15 
PEL406 0.016 0.021 1.00 1.31 
PEL407 0.022 0.029 1.00 1.33 
PEL408* 0.032 0.088 1.00 2.79 
PEL409* 0.027 0.055 1.00 2.02 
PEL410* 0.012 0.064 1.00 5.41 
PEL411* 0.026 0.201 1.00 7.80 
PEL412* 0.054 0.212 1.00 3.91 
PEL413 0.131 0.116 1.11 1.00 
PEL415 0.091 0.086 1.05 1.00 
PEL416 0.072 0.048 1.51 1.00 
PEL417 0.031 0.034 1.00 1.11 
PEL419 0.047 0.049 1.00 1.03 
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Table 2.5. Membrane (III) - continued 
Normalized Density Expression Ratio 
Clone Mycelium Primordium Mycelium Primordium 
PEL420 0.137 0.045 3.03* 1.00 
PEL422* 0.045 0.129 1.00 2.86 
PEL423* 0.018 0.188 1.00 10.47 
PEL424* 0.064 0.031 2.09* 1.00 
PEL427* 0.180 0.032 5.63 1.00 
PEL428 0.016 0.021 1.00 1.30 
PEL429 0.019 0.032 1.00 1.63 
PEL430 0.022 0.029 1.00 1.35 
PEL431 0.025 0.030 1.00 1.22 
PEL432* 0.033 0.207 1.00 6.25 
PEL435* 0.021 0.086 1.00 4.08 
PEL441* 0.054 0.226 1.00 4.20 
PEL442* 0.050 0.250 1.00 4.98 
PEL443 0.143 0.115 1.24 1.00 
PEL444* 0.025 0.099 1.00 4.04 
PEL445* 0.055 0.021 2.57 1.00 
PEL446 0.010 0.016 1.00 1.68 
PEL447 0.020 0.035 1.00 1.78 
PEL448* 0.005 0.199 1.00 36.33 
PEL449* 0.011 0.080 1.00 7.38 
PEL450* 0.013 0.219 1.00 16.37 
PEL451* 0.021 0.243 1.00 11.79 
PEL452* 0.018 0.052 1.00 2.87 
PEL453 0.039 0.054 1.00 1.40 
PEL455* 0.018 0.047 1.00 2.58 
PEL456 0.016 0.028 1.00 1.77 
PEL459 0.019 0.016 1.19 1.00 
PEL461 0.067 0.050 1.34 1.00 
PEL465 0.047 0.091 1.00 1.94 
PEL466* 0.111 0.233 1.00 2.10 
PEL467* 0.007 0.267 1.00 39.53 
PEL471* 0.019 0.055 1.00 2.89 
PEL473 0.014 0.023 1.00 1.60 
PEL476* 0.007 0.035 1.00 4.94 
PEL478 0.048 0.068 1.00 1.41 
PEL480* 0.046 0.121 1.00 2.64 
PEL492 0.009 0.015 1.00 1.68 
PEL515 0.007 0.009 1.00 1.18 
PEL523* 0.023 0.051 1.00 2.20 
PEL529* 0.127 0.032 4.01 1.00 
PEL540* 0.050 0.238 1.00 4.74 
PEL557 0.062 0.068 1.00 1.09 
PEL570* 0.015 0.044 1.00 2.89 
PEL608* 0.095 0.037 2.60 1.00 
18S rRNA 1.000 1.000 1.00 1.00 
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Table 2.5. Membrane ( I I I ) - continued 
Normalized Density Expression Ratio 
Clone Mycelium Primordium Myceiium Primordium 
PEL482* 0.005 0.016 1.00 3.42 
PEL483* 0.006 0.016 1.00 2.60 
PEL484* 0.022 0.094 1.00 4.34 
PEL486* 0.038 0.170 1.00 4.51 
PEL487* 0.024 0.049 1.00 2.02 
PEL490 0.132 0.196 1.00 1.49 
PEL493* 0.082 0.186 1.00 2.26 
PEL494* 0.049 0.290 1.00 5.86 
PEL496* 0.006 0.037 1.00 6.52 
PEL500* 0.008 0.057 1.00 6.76 
PEL502* 0.048 0.021 2.32 1.00 
PEL504* 0.010 0.103 1.00 10.49 
PEL507* 0.022 0.135 1.00 6.16 
PEL509* 0.004 0.049 1.00 12.68 
PEL510* 0.035 0.108 1.00 3.09 
PEL517* 0.008 0.064 1.00 8.27 
PEL518* 0.021 0.073 1.00 3.54 
PEL519* 0.034 0.105 1.00 3.10 
PEL520* 0.007 0.211 1.00 30.50 
PEL522* 0.063 0.186 1.00 2.97 
PEL525* 0.030 0.105 1.00 3.50 
PEL527 0.046 0.024 1.92 1.00 
PEL532 0.068 0.072 1.00 1.06 
PEL536 0.034 0.058 1.00 1.70 
PEL538* 0.057 0.224 1.00 3.95 
PEL541* 0.008 0.043 1.00 5.70 
PEL542* 0.036 0.204 1.00 5.60 
PEL543* 0.016 0.080 1.00 5.15 
PEL544* 0.026 0.069 1.00 2.63 
PEL545* 0.071 0.153 1.00 2.16 
PEL547* 0.041 0.210 1.00 5.09 
PEL549* 0.086 0.857 1.00 9.99 
PEL550* 0.033 0.135 1.00 4.03 
PEL551* 0.011 0.029 1.00 2.54 
PEL552 0.057 0.092 1.00 1.63 
PEL556* 0.023 0.055 1.00 2.37 
PEL563 0.041 0.078 1.00 1.89 
PEL564* 0.109 0.819 1.00 7.48 
PEL566* 0.141 0.948 1.00 6.70 
PEL568* 0.030 0.636 1.00 21.52 
PEL571* 0.038 0.511 1.00 13.33 
PEL575* 0.045 0.497 1.00 11.10 
PEL578* 0.081 0.521 1.00 6.41 
PEL581* 0.073 0.519 1.00 7.15 
PEL583 0.052 0.087 1.00 1.69 
PEL589* 0.020 0.057 1.00 2.87 
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Table 2.5. Membrane (III) - continued 
Normalized Density Expression Ratio 
Clone Mycelium Primordium Mycelium Primordium 
PEL590* 0.016 0.033 1.00 2.08 
PEL591 0.109 0.159 1.00 1.46 
PEL597* 0.012 0.044 1.00 3.71 
PEL601* 0.020 0.306 1.00 15.19 
PEL607* 0.019 0.289 1.00 15.06 
PEL616* 0.068 0.457 1.00 6.70 
PEL618 0.357 0.635 1.00 1.78 
PEL620* 0.166 0.606 1.00 3.64 
PEL623* 0.029 0.388 1.00 13.46 
PEL628* 0.011 0.301 1.00 27.86 
18S rRNA 1.000 1.000 1.00 1.00 
Note: Symbol “*，，indicates the differentially expression cDNA clones. Totally, 154 
cDNA clones were found to be differentially expressed either in mycelium or 
primordium. 
Table 2.6. The range of expression ratio of235 cDNA clones 
. ！ 
Expression <2.0 20-4.9 5.0-9.9 10.0-14.9 15.0-19.9 >2ILQ Tfital 
ratio 
Number of 
cDNA 81 97 35 10 5 7 235 
clones* 
Percentage 345 4 1 3 14.9 4.3 2.1 3.0 100 
( / o ) 
Note: 
* cDNA clones with the higher expression ratio either in mycelium or primordium 
were counted. 
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Fig. 2.9. Comparison of normalized hybridization densities. Scatter plot of 
normalized hybridization densities of 235 cDNA clones between mycelium and 
primordium. The solid line indicates the trendline, which was drawn from the 
equation: y=0.6747+0.0754. 
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Table 2.7. The relationship between appearing frequency and expression ratio 
cDNA clone Appearing frequency Expression ratio* 
PEL107 2 P5^ 
PEL153 2 P3.1 
PEL197 2 P2.0 
PEL202 2 P11.8 
PEL235 2 P5.1 
PEL306 2 P2.6 
PEL309 2 P2.0 
PEL365 2 S 
PEL371 2 P5.1 
PEL435 2 P4.1 
PEL444 2 P4.0 
PEL449 2 P7.9 
PEL455 2 P2.6 
PEL471 2 P2.9 
PEL494 2 P5.8 
PEL544 2 P2.6 
PEL590 2 P2.1 
PEL096 3 P3.2 
PEL101 3 P8.2 
PEL192 3 P2.3 
PEL238 3 P3.3 
PEL314 3 P6.0 
PEL319 3 P3.79 
PEL012 4 S 
PEL163 4 P43.9 
PEL394 4 P4.1 
PEL120 5 P11.2 
PEL293 6 P2.8 
PEL321 6 P23.4 
PEL409 11 P2.0 
Note: 
* Letter “P” means the cDNA clone is preferentially expressed in primordium. The 
Letter “S” means similar expression level between mycelium and primordium. The 
number after the letter represents the level of differentiation. 
69 
Table 2.8. Novel differentially expressed ESTs for L edodes 
cDNA done# Expression ratio* cDNA clone# Expression ratio* 
PEL001 P4.9 PEL424 M2.1 
PEL013 P4.6 PEL435 P4.1 
PEL023 P2.7 PEL441 P4.2 
PEL084 P2.3 PEL442 P5.0 
PEL101 P8.2 PEL444 P4.0 
PEL102 P6.2 PEL445 M2.6 
PEL120 P11.2 PEL467 P39.5 
PEL140 P2.1 PEL471 P2.9 
PEL153 P3.1 PEL476 P4.9 
PEL174 P3.7 PEL480 P2.6 
PEL177 P3.1 PEL482 P3.4 
PEL179 P2.9 PEL483 P2.6 
PEL180 P2.5 PEL486 P4.5 
PEL190 P2.1 PEL487 P2.0 
PEL194 P3.2 PEL494 P5.9 
PEL197 P2.0 PEL500 P6.8 
PEL202 P11.8 PEL502 M2.3 
PEL210 P2.5 PEL504 P10.5 
PEL218 P5.5 PEL507 P6.2 
PEL219 P3.5 PEL509 P12.7 
PEL222 P3.1 PEL510 P3.1 
PEL236 P15.3 PEL517 P8.3 
PEL254 P2.7 PEL522 P3.0 
PEL276 P3.4 PEL538 P4.0 
PEL279 P2.3 PEL541 P5.7 
PEL298 P2.6 PEL542 P5.6 
PEL302 P7.8 PEL544 P2.6 
PEL304 P5.3 PEL549 P10.0 
PEL312 P2.3 PEL551 P2.5 
PEL321 P23.4 PEL556 P2.4 
PEL325 P2.3 PEL564 P7.5 
PEL327 P2.9 PEL566 P6.7 
PEL387 P2.5 PEL568 P21.5 
PEL394 P4.1 PEL571 Pl3.3 
PEL409 P2.0 PEL578 P6.4 
PEL410 P5.4 PEL601 P15.2 
PEL411 P7.8 PEL623 P13.5 
PEL412 P3.9 PEL628 P27.9 
PEL420 M3.0 
Note: 
# These cDNA clones showed weak or even no significant match with homologs in 
GenBank database. 
* Letter "M" means the cDNA clone is preferentially expressed in mycelium. Letter 
"P" means the cDNA clone is preferentially expressed in primordium. The number 
after the letter represents the level of differentiation. 
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3.4 Discussion 
To understand the molecular mechanism governing fruit body development, 
much effort had been made to identify differentially expressed genes during fruiting 
development ofL. edodes. Previous molecular studies showed that primordium is an 
important stage that many genes were preferentially expressed in this stage, 
including genes priA (Kajiwara et al, 1992), priB (Endo et al, 1994), and P-MPP 
(Zhang et al, 1998). However, the number of genes isolated from this mushroom is 
still scanty. It is still very difficult to have a glimpse of the fruiting mechanism based 
on the fragmentary molecular information. The idea was therefore raised to identify 
genes expressed in primordial stage using EST approach taking advantage of its 
efficient use in gene identification. 
Based on the information from other fungi (Horton and Raper, 1991b; 
Peberdy and Fox, 1993; Nelson et al., 1997)，it is estimated that L. edodes may 
contain 9,000 to 10,000 genes. The number of independent recombinant colonies that 
must be in a cDNA library to give a particular probability of a given gene can be 




Where "N" is the number of required clones, “尸” is the probability of 
recovering a given clone, and "n" represents the number of genes for a certain 
organism. Assume L. edodes contains 10,000 genes (n = 10,000), the cDNA library 
should contain about 5 x 10^  independent recombinant colonies to have a 99 percent 
{P = 0.99) probability that any L. edodes gene is present in at least one copy. The 
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cDNA library constructed in this study was estimated to contain about 1.25 x 10^  
independent clones. Thus this cDNA library is a representative library. 
During this study, totally 404 ESTs were generated from primordium cDNA 
library of L edodes, which represent 296 distinct ESTs. The number of genes 
identified in this study only reflects to about 3 % of total number of genes in L 
edodes. Thus gene identification for his mushroom should be continued. 
The putative identities for ESTs were assigned by homologous searching 
through the protein database on the Memet. Among ESTs with putative homologs, 
large proportions of ESTs are involved in protein synthesis (34.3%) and metabolism 
(21.1%). Only a small numbers ofESTs are involved in RNA synthesis (7.2%), cell 
defense (6.6%), cell structure (4.8%), cell signaling (4.8%) and cell division (0.6%). 
Similar results were obtained by EST study of the filamentous fungus N. crassa 
O^elson et al, 1997)，in which protein synthesis (43.3%), metabolism (32.9%) and 
RNA synthesis (8.4%) are the major classes. It is explained that higher proportions of 
proteins involved in protein synthesis and metabolism are needed to maintain the 
physiological status. Small proportion of genes encoding cell signaling (4.8%) was 
found because they function to regulate and amplify the expression of downstream 
target genes. Since the importance of upstream regulatory proteins, studies focusing 
on understanding the functions of upstream regulatory proteins are thus very 
important for understanding the fruiting regulation of L. edodes. The data showed 
that the molecular regulation on fruit body initiation is complicated, and fruit body 
initiation is contributed by the overall functions of many genes involved in different 
cellular roles. 
Initiation of fruit body is stimulated by environmental cues such as light, 
temperature and nutrition condition (Komatsu, 1961; Ishikawa, 1967; Leatham, 1985; 
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Royse, 1985). These signals are sensed by specific receptors and transmitted via 
specific signaling pathways. The signals finally induce the expression oftarget genes 
and eventually result in the initiation of fruit body. Isolation of genes involved in 
signaling pathways or upstream regulatory genes is valuable to understand the 
regulation system on initiation of fruit body. During this study, seven genes encoding 
GTP-binding proteins involved in cell signaling in other organisms were identified: 
ADP-ribosylation factor I’ developmentally regulated GTP-binding protein, Guanine 
nucleotide-binding protein alpha, beta and gamma subunits, GTP-binding protein 
RH01 and RAS-related protein RAB7. Also, genes encoding transcriptional factors 
include CCR4-associated factor 1，eukaryotic initiation factor 4A-3, transcription 
initiation protein and putative transcriptional regulator (Table 2.4). Some of them 
were found in other organisms to play important regulatory roles in various cellular 
events. For example G proteins were found to be involved in regulation of mating 
effect in yeast (Banuett, 1998) and a variety of transmembrane signals in mammals 
P^eer, 1995), developmentally regulated GTP-binding proteins were found to play a 
crucial role in the growth, differentiation or death of cells by sequestering some 
transcription/differentiation factors within the cytoplasm (Li and Trueb, 2000), 
RAB7 was found to be involved in membrane trafficking (Bucci et al, 2000)，etc. 
There are many questions about the functions of these genes in L. edodes to be 
solved including which stimuli they may respond to, which regulatory pathways they 
may be involved, what phenotypes will be caused if their functions are lost and how 
different regulatory pathway together to regulate the fruiting process. All the 
questions should be further pursued. 
Transcriptional analysis of identified cDNA clones can provide more 
information on their possible roles during fruiting development. Primordium is the 
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important transition stage that secondary mycelium changes its status to develop into 
the fruit body (Komatsu, 1961; Wessels, 1994). The changes in gene expression from 
mycelium to primordium may induce the formation of primordium and inhibit the 
mycelial growth. The expression patterns of 235 distinct cDNA clones were analyzed 
by reverse dot-blot hybridization (Fig. 2.8). Although the experiment ofreverse dot-
blot hybridization was not performed very well in this study, the data obtained can be 
used as preliminary reference to find out differentially expressed cDNA clones. The 
hybridization signal of a 18S rRNA was used for normalization of the hybridization 
of the other cDNA clones. Previous experiment showed that this 18S rRNA is 
steadily expressed in developmental stages (Leung 1998). When using 18S rRNA as 
a normalization control, the expression levels of Le.Ras and Le.CycB transcripts (Fig. 
2.8 membrane I ) between mycelium and primordium were calculated to be similar. 
Le.Ras and Le.CycB were reported to show similar expression between mycelium 
and primordium (Hori et al, 1991; Leung et al, 2000). 
The normalized hybridization densities of 235 cDNA clones in mycelium 
and primordium were compared by scatter plot (Fig. 2.9). The trendline ofthe scatter 
plot intersects with the y-axis, which represents the normalized hybridization density 
in primordium, indicating that most cDNA clones are most likely to be expressed in 
primordial stage. It is not surprising that most cDNA clones showed higher 
expression level in primordium because all cDNA clones were generated from the 
cDNA library of primordium; there should be a bias to isolate cDNA clones having 
relatively higher expression level in primordium. 
To find out the relationship between appearing frequency and expression 
ratio, appearing frequency of multiple cDNA clones was compared with their 
expressed ratio (Table 2.7). It was found that most of multiple cDNA clones showed 
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higher expression level in primordium compared with that in mycelium. But the 
number of repeats might not directly correlate to its expression ratio. Some unique 
cDNA clones, which was isolated once, still showed very high expression ratio in 
primordium. Thus appearing frequency of cDNA clones to some extent indicates 
higher expression level of them in primordium, but we can not directly estimate their 
expression leveljust based on their appearing frequency. 
cDNA clones with the normalized hybridization ratio between mycelium 
and primordium higher than 2-folds were defined as differentially expressed cDNA 
clones. The preliminary hybridization results showed that 154 cDNA clones (about 
66%) are differentially expressed, and most of them showed differential ratio from 2 
to 10 folds (Table 2.6). Among the differentially expressed cDNA clones, only 9 
cDNA clones (about 6%) are preferentially expressed in mycelium, while about 94% 
are preferentially expressed in primordium (Table 2.5). Since these primordial 
preferential genes may be involved in a variety of different cellular functions, it is 
suggested that the establishment of primordium from mycelium may be a complex 
process that needs the functions of a variety of genes so that they are preferentially 
expressed. Understanding the complex network of gene regulation is thus important 
for understanding the fruiting regulation in L edodes. 
Many mushroom researches found that the formation of primordium from 
mycelium requires many changes such as increasing the expression of genes 
involved in signal transduction and transcriptional controls (Kajiwara et al, 1992; 
Endo et al, 1994; Leung et al, 2000), accelerating the endogenous cAMP level (Uno 
and Ishikawa, 1971; Schwarb, 1978; Takagi et al., 1988)，elevating the requirement 
for energy generation (Zhang et al, 1998)，etc. In this study, preliminary result from 
reverse dot-blot hybridization showed that most genes involved in cell 
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communication, cell defense, RNA synthesis, protein synthesis, and metabolisms 
showed higher expression level in primordial stage, while genes involved in cell 
structure showed varying expression level either in mycelium or primordium (Table 
2.4). Genes with higher expression level in primordium were proposed to function in 
positive roles on fruit body initiation. The result may indicate that the requirements 
for cell communication, cell defense, RNA synthesis, protein synthesis and 
metabolism are higher for fruit body initiation. But it is not clear how they are 
regulated and function during fruit body formation. The result also showed that genes 
involved in similar or different cellular roles showed different expression pattems, 
indicating their different functions and different requirements in the same or different 
regulatory pathways. 
Genes encoding hydrophobins were widely found in other filamentous fungi 
such as S. commune (Wessels et al, 1987)，P. ostreatus (Asgeirsd6ttir et al, 1998) 
and A. bisporus (Lugones et aL. 1998). Three genes encoding hydrophobins were 
isolated in this study. A more extensive study of two hydrophobin genes have been 
published QS^g et al, 2000). Transcriptional analysis of the two RNA transcripts 
encoding hydrophobins, designated Le.hydl and Le.hyd2, showed their distinctive 
roles in the life cycle of L. edodes, Le.hydl has highest expression level in primordial 
stage, but Le.hyd2 in dikaryotic mycelial stage. Mating-type genes regulation of 
these two genes were also suggested since they all showed low expression level in 
both monokaryon parents (Ng, et al., 2000). These two hydrophobin genes were used 
as the controls for reverse dot-blot hybridization of other cDNA clones. Reverse dot-
blot hybridization of these hydrophobin genes indicated their distinct roles in 
mycelium and primordium (Fig 2.7, 2.8). The third hydrophobin gene (PEL608) 
showed higher transcriptional level in mycelium. This hydrophobin gene might also 
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contribute certain role on the membrane structure of mycelium. 
Besides genes with putative homologs, 130 ESTs (44%) showed weakly or 
no significant match with other sequence in the data bases (Table 2.2). This indicates 
that many genes in L edodes are novel. Among these novel genes, 77 were found to 
be differentially expressed, and most of them showed higher expression in primordial 
stage (Table 2.8). Furthermore, the expression of 14 novel genes in primordium 
showed 10-fold higher than in mycelial stage. Genes having higher expression level 
in primordium may imply their possible roles in the initiation of fruit body. Thus 
these genes are beneficial for continuous investigation. 
So far, many primordium specific genes are identified. How to study these 
large amounts of genes seems to be a challenging task. Although many unknown 
genes with very high expression level in primordium are beneficial to study, more 
time and resources may be involved compared with studying genes with putative 
homologs. Information of genes involved in signal transduction pathways seems to 
be more important for understanding fruiting mechanism of L edodes. Therefore, 
further study will be focused on one group of genes involved in the important 
signaling pathways. 
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Chapter Three Sequence Analysis and Transcriptional Profiling 
of Genes Encoding GTP-binding Proteins 
3.1 Introduction 
Many different signals are perceived at the surface of cells and transmitted 
by transmembrane signaling pathways to evoke specific responses such as induction 
ofgene transcription, protein modification or cytoskeleton reorganization. Fruit body 
formation is a complicate process that many factors including chemical, biological 
and environmental factors influence this process (reviewed in chapter 1). L edodes 
would need many different receptors to sense environmental stimuli and transfer the 
stimuli via specific signaling pathways to regulate the fruiting process. Recognition 
and understanding the functions of signaling pathways involved in fruiting regulation 
may allow us to influence the fruiting process via manipulation of signaling 
pathways. As described in chapter 2, several ESTs ofL edodes were found to show 
high homologies with GTP-binding proteins in other organisms. GTP-binding 
proteins regulate a broad palette of cellular events including cytoskeletal 
rearrangements, nuclear import, cellular trafficking, receptor-mediated 
communication, etc (Helms, 1995; Neer, 1994，1995; Kaptein et al, 1996; Leevers, 
1996). By understanding the roles of GTP-binding proteins in L edodes, we may 
have a glimpse on how these cellular events are regulated in L edodes. Perception on 
the regulation of these cellular events in L edodes should be very important for 
understanding the fruiting regulation in L. edodes. Therefore, this group of genes is 
worthwhile for further analysis. L edodes genes encoding GTP-bind proteins in this 
study include heterotrimeric G protein alpha, beta and gamma subunits, ras related 
protein RAB7 and developmentally regulated GTP-binding protein, designated 
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Le.Gal, Le.Gpi, Le.Gyl, Le.Rab7 and Le.Drg, respectively. Characterizations of 
these genes were carried out in this part to find out their possible roles during fruit 
body formation. 
Since EST is a partial sequence, the full-length cDNA sequences of these 
genes would be determined before characterization. To find out their roles in the fruit 
body development of L. edodes, their expression pattems during different 
developmental stages were analyzed using Northern blot hybridization or Real-Time 
SYBR Green RT-PCR. 
Northern blot hybridization (Alwine et al, 1977) has been considered as a 
standard method to determine the differential expression pattem of transcripts. 
Because total RNA molecules are firstly size-fractionated into denatured agarose gel 
before hybridization, the size of transcript can be estimated. Furthermore, 28S and 
18S ribosomal RNA can be used as the controls for equal RNA loading. Moreover, 
quantitation of mRNA targets in northern blot hybridization is easy since probe used ** 
is in excess. 
Another method used for transcription analysis is Real-Time SYBR Green 
RT-PCR. This is a semi-quantitative reverse transcriptase-polymerase chain reaction 
(RT-PCR) with continuos binding of the dye SYBR Green into synthesized double 
strand PCR products (Fig. 3.1). The quantity of the bound SYBR Green after each 
completed PCR cycle are measured by the ABI PRISM 7700 Sequence Detection 
System (Perkin-Elmer), providing real-time detection of synthesized PCR products. 
Threshold cycle (Cj) for each sample is determined from its quantitative curve (Fig. 
3.2). The smaller the C^ values, the higher amount of cDNA template is presented, 
namely higher mRNA transcript. The change in gene transcript among different 
developmental stages can be determined from calculating the difference in their Cj 
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values. This method is simple and several transcripts can be simultaneously analyzed 
using the same cDNA reaction. Also, the quantity of PCR product after each PCR 
cycle can be directly monitored so that cycle titration is not needed to perform. 
Besides，since it is RT-PCR method, it is sensitive and only little amount of RNA 
sample is needed (about 0.01-1 picograms of transcripts). Besides, the software for 
analysis of the quantity of PCR product is user-friendly. However, some points 
should be considered when using Real-Time SYBR Green RT-PCR. Firstly, it is 
expensive. In addition, it is very sensitive, so an intemal control is needed for 
template normalization to get accurate quantitative results. Furthermore, careful 
pipeting and clean environment are required because of its high sensitivity. Besides, 
the size of transcript can not be defined since only 50-150bp ofnucleotide fragment 
is amplified. 
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Fig.3.1 The principle ofReal-Time SYBR Green RT-PCR. 
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Fig. 3.2 The determination of threshold cycle ( ^ ) . Cj occurs when the Sequence 
Detection Application begins to detect the increase in signal associated with an 
exponential growth of PCR product. The difference in expression level among 
different samples can be calculated from the difference in the value of Cj. 
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3.2 Materials and Methods 
3.2.1 Sequence manipulation 
To obtained full-length sequences of target genes, corresponding cDNA 
clones were sequenced from both two opposite ends using T3 (5' 
AATTAACCCTCACTAAAGGG 3，）and T7 (5，GTAATACGACTCACTATAGGGC 
3') primers. The sequence reaction was described in 2.2.2.6 except for using 50°C as 
annealing temperature. Then the sequences were edited and assembled using SeqEd 
version 1.0.3 (PE Applied Biosystems). Sequences generated from T3 and 11 might 
not assembly into fiill length cDNA sequence. Specific primers were then designed 
using 01igo4.0 software and used to re-sequence the cDNA clones. The full-length 
cDNA sequence of each target gene was reconfirmed by homology searching using 
BLASTX and BEAUTY at Baylor College ofMedicine (BCM) Search Launcher. 
The deduced amino acid sequence of each target gene was translated using 
SeqEd version 1.0.3 (PE Applied Biosystems). The homologous amino acid 
sequences were retrieved from sequence database at National Center for 
Biotechnology Information O^CBI) at the National Institute of Health QJRL: 
http://www.ncbi.nlm.nih.gov). Multiple alignment was performed by ClustalW 
version 1.8 at EMBL Outstation at European Bioinformatics Institute (URL: 
http://www2.ebi.ac.uk/clustalw). 
3.2.2 Northern blot hybridization 
3.2.2.1 RNA fragmentation by formaldehyde gel electrophoresis 
Total RNA from different developmental stages was extracted using TRI 
REAGENT® as described in 2.2.1.1. Instruments used for gel electrophoresis 
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including gel tank, casting tray and comb were firstly soaked in 3% hydrogen 
peroxide for 45 minutes then rinsed with DEPC-treated water for several times. 0.96 
g of agarose was melted in 56 ml of DEPC-treated water and cooled to 55-60°C. 
Then 16 ml of filter sterile 5 x MOPS running buffer (0.1 M MOPS, 40mM sodium 
acetate, 5 mM EDTA, pH8.0) and 8 ml of37% formaldehyde were added to generate 
1.2% agarose formaldehyde agarose gel. Each RNA sample was prepared to finally 
contain 20 i^g RNA, 50% formamide, 3.7% formaldehyde, 0.5 x MOPS running 
buffer and 0.8 p,g ethidium bromide. RNA ladder was also prepared as above and 
mixed with 10 x loading buffer (50% glycerol, 1 mM EDTA, pH8.0, 0.4% 
bromophenol blue, 0.4% xylene cyanol) to finally contain 1 x loading buffer. The 
RNA samples were denatured at 65�C for 5 min and then cooled on ice. The gel was 
pre-run in 1 x MOPS running buffer at 5V/cm for 5 min. Then RNA samples were 
loaded into gel and electrophoresed at 3V/cm until the bromophenol blue dye was 
reached 3 cm from the end of the gel. 
3.2.2.2 RNA fixation by capillary method 
After gel electrophoresis, the gel was rinsed with DEPC-treated water for 
several times to remove the formaldehyde. To transfer RNA onto a nylon membrane, 
a glass vessel was filled with DEPC-treated 20 x SSC (3 M NaCl, 0.3 M sodium 
citrate) and a glass plate was placed on top of the vessel to form a platform. Then a 
filter paper soaked with 20 x SSC was placed across the platform and its two ends 
were submerged into the 20 x SSC solution. The gel was placed up side down onto 
the filter paper and any air bubbles between them were removed. A nylon membrane 
(Hybond-N, Amersham) cut with the same size as the gel was placed onto the gel 
and any trapped bubbles between them were removed by a clean glass rod. Parafilm 
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was surrounded the gel. Then two pieces of filter paper, a stack of dry paper towels 
(5-8 cm high), and a weight were, in order, placed on top of the membrane. This 
setup was incubated at room temperature for ovemight to allow the transfer ofRNA 
onto the nylon membrane. After that, the membrane was removed and allowed to air-
dry. Finally, the membrane was fixed RNA onto the nylon membrane using UV 
crosslinker. 
3.2.2.3 Probe preparation 
Gene of interest was firstly amplified from cDNA clone using vector 
specific primers T3 and T7. Then the PCR product was electrophoresed and purified 
using QIAEX II Agarose Gel Extraction Protocol (QIAGEN). Three volumes of 
Buffer QX1 were added to 1 volume of gel for DNA fragment (size between 10 bp to 
4 kb), namely, 300 i^l ofBuffer QX1 to each 100 mg ofgel. QIAEX II mixture was 
then resuspended by vortexing for 30 seconds and 10 p,l of QIAEX II was added into 
the gel. The mixture was incubated at 50°C for 10 min to solubilize the agarose and 
bind the DNA. During incubation, the mixture was mixed by vortexing for every 2 
min to keep QIAEX II in suspension, and check that the color of the mixture is 
yellow. After incubation, the mixture was centrifuged at 10,000 x g for 30 seconds to 
1 minute, and the supematant was discarded. The pellet was washed once with 50 p,l 
of Buffer QX1 and twice with 500 ^1 ofBuffer PE. The clean pellet was allowed to 
air-dry for 10-15 min. To elute DNA, 20 ^1 of distill water was added to resuspend 
the pellet and kept at room temperature for 5 min. Finally, the supematant containing 
DNA was obtained by centrifugation at 10,000 x g for 30 seconds to 1 minute. 
Then the probe was labeled with a-^^P by MegaprimeTM DNA labeling 
systems (Amersham), purified using Nick column (Pharmacia) and denatured. The 
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procedure was described in section 2.2.2.3. 
3.2.2.4 Hybridization 
Ten ml of hybridization solution for 100 cm^ of membrane was prepared 
containing 5 x SSPE, 5 x Denhardt's solution, 0.5% SDS, 50% formamide and 400 
^g denatured Salmon sperm DNA. The membrane was pre-hybridized in the 
hybridization solution at 42°C for 4-6 hours. The probe prepared from above was 
added into the hybridization solution and incubated at 42°C for about 16 hours with 
rotation. 
3.2.2.5 Stringent washing and autoradiography 
The hybridized membrane was rinsed twice with the solution containing 2 x 
SSPE and 0.1% SDS at room temperature. Then the membrane was rinse with 1 x 
SSPE+0.1% SDS, 0.5 X SSPE + 0.1% SDS and 0.1 x SSPE + 0.1% SDS at 50�C for 
15 min. 
The washed membrane was wrapped in a piece of plastic cling wrap. Then 
the membrane and a sheet ofX-ray film (Kodak) were fixed into a film cassette and 
placed at -70°C ovemight to allow the exposure of hybridization signal onto the X-
ray film. Different exposure times were tested based on the density of signal. The 
visualized signal was finally quantified by a densitometer (Bio-Rad). 
3.2.3 Real-Time SYBR Green RT-PCR 
3.2.3.1 Primer design 
Primers for RT-PCR reaction were designed using Primer Express software 
(P.N 402089, Perkin-Elmer). Several parameters should be considered when 
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designing primers. Firstly, primers can be designed as close as possible to each other 
to yield amplicon size range from 50-150 bp. The GC content ofthe primers should 
be range 20-80%. Identical nucleotide especially four or more Gs should be avoided 
in the primers. The Tm for each primer should be 58-60°C. And the five nucleotides 
at the 3'end should have no more than two G and/or C bases. The primers designed 
for analysis are showed in Table 3.1. 
Table 3.1 Primers used for Real-Time SYBR Green RT-PCR 
Gene Primer Sequence 八 Sizeof 
Amplicon Q)p) 
Le.Gpa-567Up CATTCCGCCGACTTCGAA on 
Le.Gpa-657Lp CGTGGTGAAGGCTCGTAGAACT — 州 
Le.GG-364Up CAGTCGGCAAAAGCGAAGA “ “ 
y Le.GG-458Lp A^GCCGACCTCCAAAACC 
r ^ ^ GTP-602Up GGCGGAATCACGTTCAACAC ~ 
g GTP-710Lp ^GAATCATGACATCGCAATT~ 屬 
, R A B 7 - 2 2 3 U p GCAGGTCAAGAACGCTTCCA “ “ 
e' |RAB7-315Lp |CGATTTGGCGCTGTTTACGT ^ 
3.2.3.2 RT-PCR reaction 
RNA from different developmental stages were extracted and treated with 
DNase I, described in section 2.2.1.1 and 2.2.2.3, except of2 |ig ofeach RNA used. 
The RT reaction was performed using TaqMan® Reverse Transcription 
Reagents (P/N N808-0234, Perkin-Elmer). Each 100 ^1 ofRT reaction mix contains 
2 i^g of DNase I-treated RNA sample, 10 ^1 of 10 x TaqMan RT Buffer (500 mM 
KC1, 100 mM Tris-HCl, pH8.3), 22\i\ of 25mM MgC12, 20^1 of dNTPs mixture 
(500^iM of each dNTP), 5 i^l of 50 i^M oligo dT,^ primer, 2 i^l of RNase inhibitor 
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(0.4 U/^1) and MultiScribe™ Reverse Transcriptase (50 U/^il). The RT reaction was 
carried out at 25°C, 10 min; 48�C，30 min and 95�C, 5 min. 
The PCR reaction was performed using PCR SYBR® Green PCR Core 
Reagents ( P ^ 4304886，Perkin-Elmer). Each 50 i^l ofPCR reaction mix contains 5 
U^ 10 X SYBR PCR BufFer, 6 i^l of 25 mM MgCl^, 4 i^l of dNTP Blend (2.5 mM 
dATP，2.5 mM dCTP, 2.5 mM dGTP, 5.0 mM dUTP), 0.25 i^l ofAmpliTaq Gold (5 
U/^1), 0.5 i^l of AmpErase UNG (1 U/^il), 0.5 |al of each 5 i^M sequence specific 
primer and 5 ^1 of cDNA synthesized previously. No-temple-control OSTTC) was 
prepared for each pair of primers, in which no cDNA template was added. The PCR 
reaction was performed in ABI PRISM 7700 Sequence Detection System (Perkin-
Elmer). The PCR reaction was incubated at 50°C for 2 min to activate AmpErase 
UNG and followed by incubating at 95°C for 10 min to activate AmpliTaq Gold. 
Then 40-cycle PCR reaction was performed, each cycle including 95°C for 15 sec 
and 60�C for 1 min. 
After PCR cycles, 12-15 i^l of each PCR product was electrophoresed on an 
ethidium bromide-stained 4% NuSieve 3:1 agarose gel (FMC) to confirm the 
generation of specific PCR product. 
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3.3 Results 
3.3.1 Sequence manipulation 
In EST study (see chapter 2), five ESTs were found to match G protein a 
subunit, G protein p subunit-like protein, G protein y subunit, ras-related protein 
Rab7 and developmentally regulated GTP-binding protein. Because they were 
isolated in L. edodes, they were designated Le.Gal, Le.Gpi, Le.Gyl, Le.Rab7 and 
Le.Drg respectively. 
Full-length cDNA sequences of them were obtained using primer waUcing 
strategy. The full-length cDNA sequence ofLe.Gcd, Le.GpU Le.Gyl, Le.Rab7 and 
Le.Drg is 1624 bp, 1056 bp, 675 bp, 818 bp and 1202 bp respectively (Fig. 3.3, 3.5， 
3.7，3.9 and 3.11 ). Homology searching using BLASTX and BEAUTY at Baylor 
College ofMedicine (BCM) Search Launcher reconfirmed their identities. 
Le.Gccl shows the highest similarity (87% identity) with G protein a 
subunit of Coprinus congregatus (p=2.1e-165). All matched homologous genes were 
found to belong to Gai subclass of the Ga subunit. Multiple alignment of amino acid 
sequences of Gai subunits from different organisms showed that their amino acid 
sequences are highly conserved 一 more than 70% of amino acids are conserved 
among different organisms (Fig 3.4). 
Le.Gpi shows the highest similarity (73% identity) with G protein p subunit 
like protein of N. crassa Qp=5.1e-127). Multiple alignment of amino acid sequences 
of its homologous genes from different organisms showed about 60% of amino acids 
are conserved (Fig. 3.6). 
Le.Gyl shows the highest similarity (only 40% identity) with G protein y 
subunit of S. cerevisiae {p=X.9Q-6). Multiple alignment of amino acid sequences of 
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Le.Gyl and seven best matched G protein y subunits of other organisms showed that 
less 30% of amino acids are conserved (Fig.3.8). 
Le.Rab7 shows the highest similarity (79% identity) with Ras-related RAB7 
of H. sapiens 0^=l.Oe-82). Multiple alignment of amino acid sequences of Le.Rab7 
and ten other Rab7 genes from other organisms showed that about 65% amino acids 
are conserved (Fig.3.10). 
Le.Drg shows the highest similarity (65% identity) with developmental 
regulated GTP-binding protein (DRG) of H. sapiens 0?=4.7e-129). Multiple 
alignment of amino acid sequences of Le.Drg and seven DRG genes from other 
organisms showed that about 60% of amino acids are conserved. 
Table 3.2 summarizes the information of these five L edodes genes. Except 
for Le.Gyl’ other four L. edodes genes encoding GTP-binding proteins showed more 
than 65% identity with the best matched homologous genes in other species. 
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1 GGGGATCCGT AATTTTTGTT GCGCTCGTCG CTACAGTCAC GACCGTTGCT 
5 1 CCCTCGACGT CGTTCATTCG TTTATTCCTT CTCCTTACCA ATACCTTCCA 
1 0 1 GCCCACTCTC CCAGTACCTC CTTGGGAAGT TTCCATTTTT AAATAACACA 
1 5 1 CTGCTCAGTA ATAATGGGGT GTGCGCAATC TTCTGGCATT GACGACGAGG 
2 0 1 CCAAGGCTCG TAATGATGAA ATTGAGAATC AACTTCGCCG GGACCGTATG 
2 5 1 ATGGCGAAGA AT^AGATCAA GATGTTGCTT CTTGGGGCTG GTGAATCTGG 
3 0 1 GAAGTCCACA GTCCTCAAAC AAATGAAGCT CATTCACCAC GGCGGGTACA 
3 5 1 ATGATTCCGA ACGTGACTCT TACAAGGAAA TCATATTTTC CAATACCATC 
4 0 1 CAATCCATGC GCGCCATTCT CGACGCCATG CCTTCCCTCG ACCTCTTTCT 
4 5 1 CAATCCATCC AACGACGCCC GAAGAGCCAC AATCCTTTCT CTTCCCGTGC 
5 0 1 AGTTGGAGGT AGACGTCATG CCTCGGGATG TGGGCGACTC CATTCGAGGG 
5 5 1 CTTTGGAGCG ATCCCGCTGT GAAGGAGGCA GTGAAGAGGA GTCGAGAGTT 
6 0 1 CCAACTGAAT GGTTCGGCAG TGTATTACTT CAACAGTATC GATAGAATGA 
6 5 1 GTGGTCCGGG GTACATGCCC AGCGACCAGG ATATACTTCG GTCACGAGTG 
7 0 1 AAAACTACGG GTATCACGGA GACGACGTTC CAAGTCGGCG AACTCACATA 
7 5 1 CAAACTCTTC GATGTTGGCG GTCAACGTTC T ( ^ C G G A A A AAATGGATAC 
8 0 1 ATTGCTTTGA AAACGTAACT GCATTGGTGT TCCTGGTTTC TCTGAGCGAG 
8 5 1 TACGATCAGA TGTTGTATGA AGATGAGAGC GTGAATCGTA TGCAAGAAGC 
9 0 1 CCTCACACTC TTTGACTCAA TATGTAATTC CCGGTGGTTC GTCAAGACCT 
9 5 1 CGATCATCCT CTTCCTCAAC AAAATCGATC TATTCGCGGA AAAGCTGCCT 
1 0 0 1 AGATCACCAT TAGGCGATTA CTTCCCGGAT TACACGGGCG GAAACAACTA 
1 0 5 1 CGACGCCGCC TGCGAATATC TGCTACGCAG ATTCGTAAGC CTAAACCAGA 
1 1 0 1 GTGCAGCAAC GAAACAGGTA TACGCGCATT ATACGTGTGC CACGGATACG 
1 1 5 1 CAGCAAATTA AATTCGTTCT TTCTGCGATT CAAGATATTC TCCTCCAGCT 
1 2 0 1 TCACTTGAGG GAGGCCGGAC TATTATAGTC ACCGTTGTGG ATGGAATAAT 
1 2 5 1 AGGACTTGAG CATTCCGCCG ACTTCGAATT CACCTGGACA CCCTTGTCTT 
1 2 5 2 Z ^ 
1 3 0 1 CCGCCCAATA CCCTTCACGC CCAATCTCAi=^ GTTCTACGAG CCTTCACCAC 
1 3 0 2 ^ 
1 3 5 1 GACGAGAGTT ATAATATATG CCTTATTTTG ATACGCCCAC TTGTCTCCCA 
1 4 0 1 TCACTCCATC TCGTTTTTAT CCAGTTGTCT TTCTGTTTTA GAAGTCATGC 
1 4 5 1 CAAGCTTTTC GAAGATCGCT CCTGCTTCAG TGGAAGAGTT TAGTGGTGGG 
1 5 0 1 GTTGGTTGCT GTCGTTGACC CGAGATTGCA AGCTGAGTGG AGGAAGCTTT 
1 5 5 1 ACGTCGTGAT GAACTTTTGT TGTCCCATCT CATACATTCA AAATATCATC 
1 6 0 1 GCTTTATCTG AATAGACAGA TCCC 
Fig. 3.3. Full-length cDNA sequence of Le.Gal. Specific primers used for 
sequencing were underlined and arrows indicate their directions ofsequencing. 
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GBAl_COPCO MGCVQSTGVDDEAKARNDEIENQLKRDRVMAKNEIKMLLLGAGESGKSTVLKQMKLIHHG 6 0 
L e . G a l MGCAQSSGIDDEAKARNDEIENQLRRDRMMAKNEIKMLLLGAGESGKSTVLKQMKLIHHG 6 0 
GBAl_CRYPA MGCG-MSTEEKEGKARNEEIENQLKRDRMQQRNEIKMLLLGAGESGKSTILKQMKLIHEG 59 
GBAl_COLTR MGCG-MSTEDKEGKARNEEIENQLKRDKMMQRNEIKMLLLGAGESGKSTILKQMKLIHEG 59 
GBAl_MAGGR MGCG-MSTEEKEGKARNEEIENQLKRDRLQQRNEIKMLLLGAGESGKSTILKQMKLIHEG 5 9 
GBA2_NEUCR MGCG-MSTEEKEGKARNEEIENQLKRDRMQQRNEIKMLLLGAGESGKSTILKQMKLIHEG 5 9 
GBAl_SPOSC MGCG-MSVEEKEGKARNEEIENQLKRDRMQQRNEIKMLLLGAGESGKSTILKQMKLIHEG 59 
GBAl_EMENI MGCG-MSTEDKEGKARNEEIENQLKRDKMMQRNEIKMLLLGAGESGKSTILKQMKLIHEG 59 
GBAl_USTMA MGCG-ASKVDKEGQARNDAIDAQLKKDRLAQKNEIKMLLLGAGESGKSTILKQMKLINHG 59 
GBI2_RAT MGCT-VSAEDKAAAERSKMIDKNLREDGEKAAREVKLLLLGAGESGKSTIVKQMKIIHED 59 
GBI2_CAVP0 MGCT-VSAEDKAAAERSKMIDKNLREDGEKAAREVKLLLLGAGESGKSTIVKQMKIIHED 59 
GBI2_HUMAN MGCT-VSAEDKAAAERSKMIDKNLREDGEKAAREVKLLLLGAGESGKSTIVKQMKIIHED 59 
G B I 2 _ D o g MGCT-VSAEDKAAAERSKMIDKNLREDGEKAAREVKLLLLGAGESGKSTIVKQMKIIHED 59 
Consensus *** . *.. •: :*:.* .•:*:*••*****•***::**•*:•:•. 
GBAl_COPCO GYSDQEKDSYKEIIFSNTVQSMRAILDALPALDLALQPA-NDARRATILAVPGQIEAE-V 118 
Le.Gal GYNDSERDSYKEIIFSNTIQSMRAILDAMPSLDLFLNPS-NDARRATILSLPVQLEVD-V 118 
GBAl_CRYPA GYSRDERESFKEIIFSNTVQSMRVILEAMESLELPLEDQRMEYHVQTIFMQPAQIEGD-V 118 
GBAl_COLTR GYSRDERESFKEIIFSNTVQSMRVILEAMESLELPLEDQRMEYHVQTIFMQPAQIEGD-V 118 
GBAl_MAGGR GYSRDERESFKEIIFSNTVQSMRVILEAMESLELPLEDQRMEYHVQTIFMQPAQIEGD-V 118 
GBA2_NEUCR GYSRDERESFKEIIFSNTVQSMRVILEAMESLELPLADQRVEYHVQTIFMQPAQIEGD-V 118 
GBAl_SPOSC GYSRDERESFKEIIYSNTVQSMRVILEAMESLELPLEDQRMEYHVQTIFMQPAQIEGE-V 118 
GBAl_EMENI GYSRDERESFKEIIYSNTVQSMRVILEAMESLELPLEDARNEYHVQTVFMQPAQIEGD-S 118 
GBAl_USTMA SYSAEERESYKEIIFSNTVQSMRVLLDAMERLDIPLADATNAPRAEIILGLSPSIESS-V 118 
GBI2_RAT GYSEEECRQYRAWYSNTIQSIMAIVKAMGNLQIDFADPQRADDARQLFALSCAAEEQGM 119 
GBI2_CAVP0 GYSEEECRQYRAWYSNTIQSIMAIVKAMGNLQIDFADPLRADDARQLFALSCTAEEQGM 119 
GBI2_HUMAN GYSEEECRQYRAWYSNTIQSIMAIVKAMGNLQIDFADPSRADDARQLFALSCTAEEQGV 119 
GBI2_Dog GYSEEECRQYRAWYSNTIQSIMAIVKAMGNLQIDFDDPSRADDARQLFALSCTAEEQGV 119 
Consensus •*. .* •:: :::***:*•: .::.*: *:: : :: . * . 
GBAl_COPCO LPRDIADAIRQLWADPGLKEAVRRSREFQLNDSAVYYFNSIDRMSAPGYLPTDQDILRSR 17 8 
Le.Gal MPRDVGDSIRGLWSDPAVKEAVKRSREFQLNGSAVYYFNSIDRMSGPGYMPSDQDILRSR 178 
GBAl_CRYPA LPPEVGSAIEALWKDRGVQECFKRSREYQLNDSARYYFDNIARIAAPDYMPNDQDVLRSR 178 
GBAl_COLTR LPPEVGSAIEAVWKDRGVQDCFKRSREYQLNDSARYYFDNIARIAAPDYMPNDQDVLRSR 178 
GBAl_MAGGR LPPEVGNAIEALWKDRGVQECFKRSREYQLNDSARYYFDNIARIAAPDYMPNDQDVLRSR 178 
GBA2_NEUCR LPPEVGNAIEALWRDAGVQSCFKRSREYQLNDSARYYFDNIARIAAPDYMPNDQDVLRSR 178 
GBAl_SPOSC LPPEVGNAIEALWKDAWQECFKRSREYQLNDSARYYFDNIARIAAPDYMPDDQDVLRSR 178 
GBAl_EMENI LPSEVGNAIAALWQDAGVQECFKRSREYQLNDSAKYYFDSIERIAQSDYLPTDQDVLRSR 178 
GBAl_USTMA LPRQVADAIHALWGDAGVQACFGRSREYQLNDSAKYYFDSIQRMAEPSYLPTDQDVLRSR 178 
GBI2_RAT LPEDLSGVIRRLWADHGVQACFGRSREYQLNDSAAYYLNDLERIAQSDYIPTQQDVLRTR 179 
GBI2_CAVP0 LPEDLSGVIRRLWADHGVQACFSRSREYQLNDSAAYYLNDLDRIAQSDYIPTQQDVLRTR 179 
GBI2_HUMAN LPDDLSGVIRRLWADHGVQACFGRSREYQLNDSAAYYLNDLERIAQSDYIPTQQDVLRTR 179 
GBI2_Dog LPEDLSCVIRRLWADNGVQACFGRSREYQLNDSAAYYLNDLERIAQSDYIPTQQDVLRTR 179 
Consensus ： * ::. * :• * .. **•*.*•* ** **.. . *.. *.* .**.*•.* 
• • • • • • • • • _ _ • 蠢• • • • • 
GBAl_COPCO VKTTGITETTFKVGELTYKLFDVGGQRSERKKWIHCFENVTALVFLVSLSEYDQMLYEDE 238 
Le.Gal VKTTGITETTFQVGELTYKLFDVGGQRSERKKWIHCFENVTALVFLVSLSEYDQMLYEDE 23 8 
GBAl_CRYPA VKTTGITETTFIIGDLTYRMFDVGGQRSERKKWIHCFENVTTILFLVAISEYDQLLFEDE 238 
GBAl_COLTR VKTTGITETTFIIGDLTYRMFDVGGQRSERKKWIHCFENVTTILFLVAISEYDQLLFEDE 238 
GBAl_MAGGR VKTTGITETTFIIGDLTYRMFDVGGQRSERKKWIHCFENVTTILFLVAISEYDQLLFEDE 238 
GBA2_NEUCR VKTTGITETTFIIGDLTYRMFDVGGQRSERKKWIHCFENVTTILFLVAISEYDQLLFEDE 238 
GBAl_SPOSC VKTTGITEKTFIIGDLTYRMFDVGGQRSERKKWIHCFENVTTILFLVAISEYDQLLFEDE 238 
GBAl_EMENI VKTTGITETTFIIGDLTYRMFDVGGQRSERKKWIHCFENVTTILFLVAISEYDQLLFEDE 238 
GBAl_USTMA VKTTGITETHFKIGELNYKLFDVGGQRSERKKWIHCFENVTAIIFLVAISEYDQLLYEDE 238 
GBI2_RAT VKTTGIVETHFTFKDLHFKMFDVGGQRSERKKWIHCFEGVTAIIFCVALSAYDLVLAEDE 239 
GBI2_CAVP0 VKTTGIVETHFTFKDLHFKMFDVGGQRSERKKWIHCFEGVTAIIFCVALSAYDLVLAEDE 239 
GBI2_HUMAN VKTTGIVETHFTFKDLHFKMFDVGGQRSERKKWIHCFEGVTAIIFCVALSAYDLVLAEDE 239 
GB12_Dog VKTTGIVETHFTFKDLHFKMFDVGGQRSERKKWIHCFEGVTAIIFCVALSAYDLVLAEDE 239 
Consensus ******. *. * • ：* :::*****•**••*••*****.**:::* *:.* •* .* *** 
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GBAl_COPCO SVNRMQEALTLFDSICNSRWFVKTSIILFLNKIDLFAEKLP-ARRSTYFPDFTGGDNYDA 2 97 
Le.Gal SVNRMQEALTLFDSICNSRWFVKTSIILFLNKIDLFAEKLPRSPLGDYFPDYTGGNNYDA 298 
GBAl_CRYPA TVNRMQEALTLFDSICNSRWFIKTSIILFLNKIDRFKEKLPVSPMKNYFPDYEGGDDYAA 2 98 
GBAl_COLTR TVNRMQEALTLFDSICNSRWFIKTSIILFLNKIDRFKEKLPVSPMKNYFPDYEGGDDYAA 298 
GBAl_MAGGR TVNRMQEALTLFDSICNSRWFIKTSITLFLNKIDRFKEKLPISPMKNYFPDYEGGDDYAA 298 
GBA2_NEUCR TVNRMQEALTLFDSICNSRWFIKTSIILFLNKIDRFKEKLPVSPMKNYFPDYEGGDDYAA 298 
GBAl_SPOSC TVNRMQEALTLFDSICNSRWFIKTS11LFLNKIDRFKEKLPISPMKNYFPDYEGGDDYAA 298 
GBAl_EMENI TVNRMQEALTLFDSICNSRWFVKTS11LFLNKIDRFKEKLPVSPMKNYFPDYEGGADYAA 298 
GBAl_USTMA NVNRMQEALTLFDSICNSRWFVKTSIILFLNKIDLFKQKLPISPMADYFSDYTGGADYNS 298 
GBI2_RAT EMNRNHESMKLFDSICNNKWFTDTSIILFLNKKDLFEEKITQSPLTICFPEYTGANKYDE 299 
G B I 2 _ C A V P 0 EMNRMHESMKLFDSICNNKWFTDTSIILFLNKKDLFEEKITHSPLTICFPEYTGANKYDE 2 9 9 
GBI2_HUMAN EMNRMHESMKLFDSICNNKWFTDTS11LFLNKKDLFEEKITHSPLTICFPEYTGANKYDE 299 
GBI2_Dog EMNRMHESMKLFDSICNNKWFTDTSIILFLNKKDLFEEKITHSPLTICFPEYTGANKYEE 299 
Consensus � *** � * � � . *******.�*• .•** ***** * * :•:. : *•:: *. .* 
GBAl_COPCO ACDYLLHRFVSLNQSAATKQIYAHYTCATDTQQIKFVLSAIQDILLQLHLRECGLL 353 
Le.Gal ACEYLLRRFVSLNQSAATKQVYAHYTCATDTQQIKFVLSAIQDILLQLHLREAGLL 354 
GBAl_CRYPA ACDYILNRFVSLNQ-HETKQIYTHFTCATDTTQIRFVMAAVNDIIIQENLRLCGLI 353 
GBAl_COLTR ACDYILNRFVSLNQ-HETKQIYTHFTCATDTTQIRFVMAAVNDIIIQENLRLCGLI 353 
GBAl_MAGGR ACDYILNRFVSLNQ-HETKQIYTHFTCATDTTQIRFVMAAVNDIIIQENLRLCGLI 353 
GBA2_NEUCR ACDYILNRFVSLNQ-HETKQIYTHFTCATDTTQIRFVMAAVNDIIIQENLRLCGLI 353 
GBAl_SPOSC ACDYILNRFVNLNQ-HESKQIYTHFTCATDTTQIRFVMAAVNDIIIQENLRLCGLI 353 
GBAl_EMENI ACDYILNRFVSLNQ-AEQKQIYTHFTCATDTTQIRFVMAAVNDIIIQENLRLCGLI 353 
GBAl_USTMA ASEYIVNRFVSLNQ-SDAKTIYTHFTCATDTSQIKFVMSAVND111QVNLRDCGLL 353 
GBI2_RAT AASYIQSKFEDLNKRKDTKEIYTHFTCATDTKNVQFVFDAVTDVIIKNNLKDCGLF 355 
GBI2_CAVP0 AASYIQSKFEDLNKRKDTKEIYTHFTCATDTKNVQFVFDAVTDVIIKNNLKDCGLF 355 
GBI2_HUMAN AASYIQSKFEDLNKRKDTKEIYTHFTCATDTKNVQFVFDAVTDVIIKNNLKDCGLF 355 
GBI2_Dog AASYIQSKFEDLNKRKDTKEIYTHFTCATDTKNVQFVFDAVTDVIIKNNLKDCGLF 355 
Consensus *..*: ： * .**: * ： * ： * ： ****** :::**: *: *:::: ：*： •*•: 
Fig. 3.4. Multiple sequence alignment of deduced amino acid sequences of different G 
protein ai subunits in different species by Clustal W (version 1.8). For consensus lines, 
“*” indicates identical or conserved residues in all sequences in the alignment; “:’， 
indicates conserved substitutions; “.” indicates semi-conserved substitutions. Solid lines 
indicate GTP binding sites. 
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1 GGGGGAGCTC GCTGTACGAA AAACACAGCG ATAACCTCCA AAAAATGACA 
5 1 GAATCTTTGC GGTTCCTTGG TTCCCTCACC GGTCACAAAG GATGGGTCAC 
1 0 1 TGCCATCGCC ACTTCATCCG AGAACCCAGA TATGATTCTC ACTGCTTCCA 
——> 
1 5 1 GAGACAAAAC AATCATTGTC TGGCAGCTCA CACGAGACGA TGACTCCTAT 
2 0 1 GGCTACCCAA AACGTATTCT CCAAGGCCAT AACCACTTTG TATCCGACGT 
2 5 1 CGTCATCTCT TCTGACGGTC AATTCGCCCT TTCTTCGTCC TGGGACCACA 
3 0 1 CATTACGACT TTGGGACCTG AACACTGGAC TCACGACGCG TCGATTTGCT 
3 5 1 GGGCATACTT CTGACGTCTT GTCCGTCAGT TTCAGCGCTG ACAATCGTCA 
4 0 1 AATCGTCTCT GGATCGCGCG ACAAGACCAT CAAACTGTGG AATACCCTTG 
4 5 1 GAGAATGTAA ATACGATATC AAAGATGATG GCCACTCTGA GTGGGTATCC 
5 0 1 TGTGTTCGAT TCAGCCCGAA CGTCATGAAC CCGGTAATTG TGTCTTCTGG 
5 5 1 ATGGGACAAG GTCGTCAAGG TCTGGGAGCT TTCGAAATTC AAGCTCAAAA 
6 0 1 CCAACCACTA TGGTCACACT GGCTACATCA ACACCGTCTC CGTATCACCC 
“ ^ 
6 5 1 GATGGTTCGC TTGCAGCTTC CGGAGGCAAG GATGGTATCA CCATGCTATG 
7 0 1 GGACCTCAAT GAGGGTAAAC ACCTCTATTC TCTTGAGGCT GGTGATATTG 
7 5 1 TCAACGCGCT TGTCTTCTCC CCCAACCGAT ACTGGCTCTG TGCAGCAACT 
8 0 1 GCCAGCTGTG TCAAAATCTT CAACCTGGAA AGCAAGTCCA TTGTGGACGA 
8 5 1 GCTCAAGCCT GCTTATGCTG AGGAGGGTGG CCGGCAGCCT GAATGTGTCT 
9 0 1 CCATTGCATG GTCTGCTGAT GGGCAGACTT TATTCGCTGG TTTTACTGAT 
- 9 5 1 AACTGTCTCC GCGTCTGGAC CGTTACTTCA TAGTTTTTGT ACATTATTTG 
^ ¢ ^ 
1 0 0 1 ACGTGTGTAA GCAGGTTCTG CCAGCCTCAA TATTATCCAA AATCTATGAT 
1 0 5 1 CTCCAC 
Fig. 3.5. Full-length cDNA sequence ofLe.G/31. Specific primers used for sequencing 
were underlined and arrows indicate their directions ofsequencing. 
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GBLP_Nicot M-SHESLVLRGTMRAHTDWVTAIATPVD-NSDMIVTSSRDKSIIVWSLTK-DGPQYGVPR 57 
GBLP_Tomato M-AQESLVLRGTMKAHTDWVTAIATPID-NSDMIVTSSRDKSIIVWSLTK-DGAQYGVPR 57 
GBLP_Chlam M--AETLTLRATLKGHTNWVTAIATPLDPSSNTLLSASRDKSVLVWELER-SESNYGYAR 57 
GBLP_Homo M--TEQMTLRGTLKGHNGWVTQIATTPQ-FPDMILSASRDKTIIMWKLTR-DETNYGIPQ 56 
GBLP_Hydrat M---EQMTLRGTLKGHNGWVTQIATTPQ-NPDLILSASRDKTLIQWQLTRDDQTNYGFPK 56 
GBLP_Droso M--SETLQLRGTLIGHNGWVTQIATNPK-DPDTIISASRDKTLIVWKLTRDEDTNYGYPQ 57 
Le.Gp1 M--TESLRFLGSLTGHKGWVTAIATSSE-NPDMILTASRDKTIIVWQLTR-DDDSYGYPK 56 
GBLP_Neuro M--AEQLILKGTLEGHNGWVTSLATSLE-NPNMLLSGSRDKSLIIWNLTR-DETSYGYPK 56 
GBLP_Schp M--PEQLVLRATLEGHSGWVTSLSTAPE-NPDILLSGSRDKSIILWNLVR-DDVNYGVAQ 56 
GBLP_Yeast MASNEVLVLRGTLEGHNGWVTSLATSAG-QPNLLLSASRDKTLISWKLTG-DDQKFGVPV 58 
* * ： : . ： ： •*..*** ::* .: :::.**•*::: *.* , .:* . 
GBLP_Nicot RRLTGHGHFVQDWLSSDGMFALSGSWDGELRLWDLQAGTTARRFVGHTKDVLSVAFSAD 117 
GBLP_Tomato RRLTGHGHFVQDWLSSDGMFALSGSWDGELRLWDLQAGTTARRFVGHTKDVLSVAFSVD 117 
GBLP_Chlam KALRGHSHFVQDWISSDGQFCLTGSWDGTLRLWDLNTGTTTRRFVGHTKDVLSVAFSVD 117 
GBLP_Homo RALRGHSHFVSDWISSDGQFALSGSWDGTLRLWDLTTGTTTRRFVGHTKDVLSVAFSSD 116 
GBLP_Hydrat KCLTGHNHFVSDWLSSDGQFALSCSWDKTLRLWDLNQGITTKQFVGHTKDVLSVAFSAD 116 
GBLP_Droso KRLYGHSHFISDWLSSDGNYALSGSWDQTLRLWDLAAGKTTRRFERHTKDVLSVAFSAD 117 
Le.Gpl RILQGHNHFVSDWISSDGQFALSSSWDHTLRLWDLNTGLTTRRFAGHTSDVLSVSFSAD 116 
GBLP_Neuro RRLHGHSHIVSDCVISSDGAYALSASWDKTLRLWELSTGTTTRRFVGHTNDVLSVSFSAD 116 
GBLP_Schp RRLTGHSHFVSDCALSFDSHYALSASWDKTIRLWDLEKGECTHQFVGHTSDVLSVSISPD 116 
GBLP_Yeast RSFKGHSHIVQDCTLTADGAYALSASWDKTLRLWDVATGETYQRFVGHKSDVMSVDIDKK 118 
Consensus ： ： **••::.* •:: *. :.•: **• :*••:: * ::* *..**:** :• • 
GBLP_Nicot NRQIVSASRDKSIRLWNTLGECKYIIQDGDSHSDWVSCVRFSPNN LQPTIVSGSWD 173 
GBLP_TomatO NRQIVSASRDKSIKLWNTLGECKYTIQDGHSHSDWVSCVRFSPNT LQPTIVSGSWD 173 
GBLP_Chlatn NRQIVSGSRDKTIKLWNTLGECKYTIGEPEGHTEWVSCVRFSPMT TNPIIVSGGWD 173 
GBLP_Homo NRQIVSGSRDKTIKLWNTLGVCKYTVQD-ESHSEWVSCVRFSPNS SNPIIVSCGWD 171 
GBLP_Hydrat NRQIVSGSRDNTIKLWNTLGQCKYTIQD-ESHSEWVSCVRFSPNT——QNPIIVSCGWD 171 
GBLP_Droso NRQIVSGSRDKTIKLWNTLAECKFTIQE-DGHTDWVSCVRFSPNH SNPIIVSCGWD 172 
Le.GPl NRQIVSGSRDKTIKLWNTLGECKYDIKD-DGHSEWVSCVRFSPNV MNPVIVSSGWD 171 
GBLP_Neuro NRQIVSGSRDRTIKLWNTLGDCKFTITE-KGHTEWVSCVRFSPNP——QNPVIVSSGWD 171 
GBLP_Schp NRQWSGSRDKTIKIWNIIGNCKYTITD-GGHSDWVSCVRFSPNP DNLTFVSAGWD 171 
GBLP_Yeast ASMIISGSRDKTIKVWTIKGQCLATLLG---HNDWVSQVRWPNEKADDDSVTIISAGND 175 
Consensus ::*.***•:*::•. . * ： *•:**• ••• * ::* * 
GBLP_Nicot RTVKIWNLTNCKLRATLAGHTGYVNTTAVSPDGSLCASGGKDGVILLWDLAEGKKLYSLE 233 
GBLP_TomatO RTVKIWNLTNCKLRSTLAGHSGYVNTVAVSPDGSLCASGGKDGVILLWDLAEGKKLYSLD 233 
GBLP_Chlam KMVKVWNLTNCKLKNNLVGHHGYVNTVTVSPDGSLCASGGKDGIAMLWDLAEGKRLYSLD 233 
GBLP_Homo KLVKVWNLANCKLKTNHIGHTGYLNTVTVSPDGSLCASGGKDGQAMLWDLNEGKHLYTLD 231 
GBLP_Hydrat KMVKVWNLTNCKLKTNHFGHTGYLNAVTVSPDGSLCASGGKDGNAMLWDLNEGKHLYTLD 231 
GBLP_Droso RTVKVWNLANCKLKNNHHGHNGYLNTVTVSPDGSLCTSGGKDSKALLWDLNDGKNLYTLE 232 
Le.GPl KWKVWELSKFKLKTNHYGHTGYINTVSVSPDGSLAASGGKDGITMLWDLNEGKHLYSLE 231 
GBLP_Neuro KLVKVWELSSCKLQTDHIGHTGYINAVTISPDGSLCASGGKDGTTMLWDLNESKHLYSLN 231 
GBLP_Schp KAVKVWDLETFSLRTSHYGHTGYVSAVTISPDGSLCASGGRDGTLMLWDLNESTHLYSLE 231 
GBLP_Yeast KMVKAWNLNQFQIEADFIGHNSNINTLTASPDGTLIASAGKDGEIMLWNLAAKKAMYTLS 235 
Consensus � ** * � * .:. *• . :.: � ****.• . * •.* .**.* .*.* 
• • • • • • 
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GBLP_Nicot SGSIIHSLCFSPNRYWLCAATESSIKIWDLESKTIVDDLKVDLKQESEMSAEGTASGKNK 293 
GBLP_Tomato AGSIIHTLCFSPNRYWLCAATESSIKIWDLESKSIWDLKVDLKHESEMANESGTAPKTK 293 
GBLP_Chlam AGDVIHCLCFSPNRYWLCAATQSSIKIWDLESKSIVDDLRPEFN ITSKKAQ 284 
GBLP_Homo GGDIINALCFSPNRYWLCAATGPSIKIWDLEGKIIVDELKQEVIS- TSSKAE 282 
GBLP_Hydrat GGNVINALCFSPNRYWLCAATGPMIKIWDLEMKSWDELKPGVIG-- -ISTKSR 282 
GBLP_Droso HNDIINALCFSPNRYWLCVAYGPSIKIWDLACKKTVEELRPEWS PTSKAD 283 
Le.Gbl AGDIVNALVFSPNRYWLCAATASCVKIFNLESKSIVDELKPAYAE EGGR-_ 280 
GBLP_Neuro ANDEIHALVFSPNRYWLCAATSSS111FDLEKKSKVDELKPEFQN IGKKSR 282 
GBLP_Schp AKANINALVFSPNRYWLCAATGSSIRIFDLETQEKVDELTVDFVG VGKKSS 282 
GBLP_Yeast AQDEVFSLAFSPNRYWLAAATATGIKVFSLDPQYLVDDLRPEFAG YSKAA 285 
Consensus * ********..* . ： ::.* ： * .* . 
GBLP_Nicot VIYCTSLGWSADGSTLFSGYTDGLIRVWGIGRF-- 326 
GBLP_Tomato VIYCTSLSWSADGSTLFSGYTDGLIRVWGIGRY-- 326 
GBLP_Chlam VPYCVSLAWSADGSTLYSGYTDGQIRVWAVGHSL- 318 
GBLP_Homo PPQCTSLAWSADGQTLFAGYTDNLVRVWQVTIGTR 317 
GBLP_Hydrat AADCISLAWSADGQTLFAGYTDNLIRVWQVTRSSQ 317 
GBLP_Droso QPQCLSLAWSTDGQTLFAGYSDNTIRVWQVSVSAH 318 
Le.Gbl QPECVSIAWSADGQTLFAGFTDNCLRVWTVTS--- 312 
GBLP_Neuro EPECVSLAWSADGQTLFAGYTDNIIRAWGVMSRA- 316 
GBLP_Schp EPECISLTWSPDGQTLFSGWTDNLIRVWQVTK——314 
GBLP_Yeast EPHAVSLAWSADGQTLFAGYTDNVIRVWQVMTAN- 319 
Consensus . * ： **.*•.•*::*::*. ：*.* ： 
Fig. 3.6. Multiple sequence alignment of deduced amino acid sequences of different G 
protein beta subunit like proteins in different species by Clustal W (version 1.8). For 
consensus lines, “*” indicates identical or conserved residues in all sequences in the 
alignment; “:” indicates conserved substitutions; “.’’ indicates semi-conserved 
substitutions. 
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1 GGGGGCCCTC AACTCACCCT CTATCCAAAG AATCTCTAGG TAGCTACACG 
5 1 TGAACAACGA AGGGACTTGA AGCATCCACT CCAGTAATCA ATCCTCAGAG 
1 0 1 ATAACGAAGT CAATCATCTG CTATCCGTCG GCCTATACAC GAGGGAGTGA 
1 5 1 CGTAGAAGAA GAAGAACTTT GAAGCAAAAA TGAGTTCTCG GACTGGGGGT 
2 0 1 CGACAGGCCA TGTCAGAGTT GAAGCTGCGG AGGCTTCTGG AGCATAATGC 
2 5 1 TAGACTAAAA GACGACCTTG CGAGGCCAAG GGTGAGGGTT AGTGAAGCAA 
3 0 1 GTGCCAGTCT CATAAGATAC TGTAAAACAA CCAAAGACCA TCTGGTCCCT 
3 5 1 TCTGTCTGGG GTCCAGTCGG CAAAAGCGAA GACCCTTATG GCCAAACATC 
^ 
4 0 1 TGGCGGCAAG TGCTGCTCTG TTCAGTAATT CTTCGTTCAG GTTTTGGAGG 
4 5 1 TCGGCTGTTC TACCAAAATA ATTCTGGATC ATTTGTTTAT^TGCACTTGTA 
5 0 1 CCTCTACTTC CATCATCATC ATTCATCTTG AATAACCTCC CTTCATCTAT 
5 5 1 CGCCGCGCTT TGTTCTCTTT CTACCCGTTT TATCTACTAT GTAGCCCATC 
6 0 1 CATTGAATTT GTTGTACTTC AAGTGTCATT TCAATCCGTT TTTTTTCTGC 
6 5 1 TATCTAAATG GAACATTTTT CTTCT 
Fig. 3.7. Full-length cDNA sequence ofLe.Gyl. Specific primers used for 
sequencing were underlined and arrows indicate their directions of sequencing. 
GBG3-BOVIN MKGETPVNSTMSIGQARKMVEQLKIEASLCRIKVSKAAADL 41 
.• GBG2-BOVIN MASNNTASIAQARKLVEQLKMEANIDRIKVSKAAADL 37 
• GBG4-HUMAN - MKEGMSNNSTTSISQARKAVEQLKMEACMDRVKVSQAAADL 41 
GBG9-RAT ---MSNNMAKIAEARKTVEQLKLEVNIDRMKVSQAAAEL 36 
GBGC-BOVIN MSSKTASTNNIAQARRTVQQLRMEASIERIKVSKASADL 39 
GBGA-HUMAN MSSGASASALQRLVEQLKLEAGVERIKVSQAAAEL 35 
Le.Ggl MSSRTGGRQAMSELKLRRLLEHNARLKDDLARPRVRVSEASASL 44 
STE18 MTSVQNSPRLQQPQEQQQQQQQLSLKIKQLKLKRINELNNKLRKELSRERITASNACLTI 60 
Consensus ：*： *： .*：*. ： 
GBG3-BOVIN MTYCDAHACEDP--LITPVPTSENPFREKK FFCALL 75 
GBG2-BOVIN MAYCEAHAKEDP--LLTPVPASENPFREKK FFCAIL 71 
GBG4-HUMAN LAYCEAHVREDP- - LIIPVPASENPFREKK FFCTIL 75 
GBG9-RAT LAFCETHAKDDP- -LVTPVPAAENPFRDKR- - - LFCTLL 70 
GBGC-BOVIN MSYCEEHARNDP--LLMGIPTSENPFKDKK TCTIL 72 
GBGA-HUMAN QQYCMQNACKDA--LLVGVPAGSNPFREPR- SCALL 68 
Le.Ggl IRYCKTTKDHLVPSVWGPVGKSEDPYGQTSG GKCCSVQ 82 
STE18 INYTSNTKDYTLPELWGYPVAGSNHFIEGLKNAQKNSQMSNSNSVCCTLM 110 
Consensus � . . � * 
Fig. 3.8. Multiple sequence alignment of deduced amino acid sequences of different 
G protein Gamma subunit in different species by Clustal W (version 1.8). For 
consensus lines, “*’，indicates identical or conserved residues in all sequences in the 
alignment; “:” indicates conserved substitutions; “.” indicates semi-conserved 
substitutions. 
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1 GGGGGGTTCA CCACTTACTA CCACCCTCTC TTACTACAAA TGGGCCGCGT 
5 1 TCTTCTCAAA GTTATCATTC TCGGTGACAG CGGTGTCGGA AAGACATCTC 
1 0 1 TCATGAACCA ATATGTGAAC AAACGGTTTA GCAACCAGTA CAAGGCCACT 
1 5 1 ATCGGTGCCG ACTTTCTTAC GAAAGAAGTA ATGGTGGACG ACCGGCTTGT 
2 0 1 TACGATGCAG CTTTGGGATA CAGCAGGTCA AGAACGCTTC CAATCACTTG 
2 5 1 GAGTAGCCTT TTACCGAGGA GCAGACTGCT GTGTATTGGT GT^CGACGTA 
3 0 1 AACAGCGCCA AATCGTTTGA GACGCTTGAC AGTTGGCGGG ACGAGTTCCT 
3 5 1 TATACAGGCA AGTCCACATG ACCCAGAGAA TTTCCCGTTT GTGGTGTTGG 
4 0 1 GGAATAAGAT TGATGTGGAG GAGAATAAAC GACAGGTCAC CCAGAAACGT 
4 5 1 GCAATGACAT GGTGTCAATC CAAAGGCAAC ATTCCGTATT TCGAAACCTC 
5 0 1 TGCGAAAGAG GCTATCAATG TTGAACAGGC GTTCCAAACA GTGGCAAAGA 
5 5 1 ATGCACTGAC TCAAGAAGCT GAAGAACAAT TGTATGTCGA CTATCCTGAC 
6 0 1 CCCATCCAAC TGGACTCTGA GAGCTCGCAA AGCTACGGCT GCAACTGCTG 
6 5 1 AGCACGAGGA GCTAGTTTGT ACAAAGGTTT ACGTTGGACC TTATAGCGTT 
7 0 1 ACCGCCTTTT TCTTTTCTTT TCGCGACGCT GCCTCTTCTC TTCATCTGTC 
7 5 1 GTACATATAT AATGACCTTG TTACTTGTTA CCAACACTGT TAATGCCAAT 
8 0 1 TTGATATGA TATCGGAC 
Fig. 3.9. Full-length cDNA sequence of Le.Rab7. Specific primers used for 
sequencing were underlined and arrows indicate their directions of sequencing. 
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RAB7_CANFA MTSRKKVLLKVIILGDSGVGKTSLMNQYVNKKFSNQYKATIGADFLTKEVMVDDRLVTMQ 60 
RAB7_0ryctO MTSRKKVLLKVIILGDSGVGKTSLMNQYVNKKFSNQYKATIGADFLTKEVMVDDRLVTMQ 60 
RAB7-Rat MTSRKKVLLKVIILGDSGVGKTSLMNQYVNKKFSNQYKATIGADFLTKEVMVDDRLVTMQ 60 
RAB7_MOUSE MTSRKKVLLKVIILGDSGVGKTSLMNQYVNKKFSNQYKATIGADFLTKEVMVDDRLVTMQ 60 
RAB7-Human MTSRKKVLLKVIILGDSGVGKTSLMNQYVNKKFSNQYKATIGADFLIKEVMVDDRLVTMQ 60 
RAB7_DICDI MATKKKVLLKVIILGDSGVGKTSLMNQYVNKKFSNQYKATIGADFLTKELMVDDRWTMQ 60 
RAB7_PRUAR MASRRRMLLKVIILGDSGVGKTSLMNQYVNRKFSNQYKATIGADFLTKEVQFEDRLFTLQ 60 
RAB7_PENCL MASRRRTLLKVIILGDSGVGKTSLMNQYVNKKFSNQYKATIGADFLTKEVQFEDRLFTLQ 60 
RAB7_Lotja MPSRRRTLLKVIILGDSGVGKTSLMNQYVNRKFSNQYKATIGADFLTKEVQFEDRLFTLQ 60 
L e . R A B 7 M---GRVLLKVIILGDSGVGKTSLMNQYVNKRFSNQYKATIGADFLTKEVMVDDRLVTMQ 57 
RAB7_SPOMBE MAGKKKHLLKVIILGESGVGKTSIMNQYVNRKFSKDYKATIGADFLTKEVLVDDKWTLQ 60 
Consensus * � ********.**•••**,•••***.,**..********** **: .:•::.*:* 
RAB7_CANFA IWDTAGQERFQSLGVAFYRGADCCVLVFDVTAPNTFKTLDSWRDEFLIQASPRDPENFPF 120 
RAB7_0ryctO IWDTAGQERFQSLSVAFYRGADCCVLVFDVTAPNTFKTLDSWRLEFLIQASPRDPENFPF 1 2 0 
RAB7-Rat IWDTAGQERFQSLGVAFYRGADCCVLVFDVTAPNTFKTLDSWRDEFLIQASPRDPENFPF 120 
RAB7_MOUSE IWDTAGQERFQSLGVAFYRGADCCVLVFDVTAPNTFKTLDSWRDEFLIQASPRDPENFPF 120 
RAB7-Human IWDTAGQERFQSLGVAFYRGADCCVLVFDVTAPNTFKTLDSWRDEFLIQAS PRDPENFPF 120 
RAB7_DICDI IWDTAGQERFQSLGVAFYRGADCCVLCYDVNVAKTFENLDSWRDEFLIQAGPRDPDNFPF 120 
RAB7_PRUAR IWDTAGQERFQSLGVAFYRGADCCVLVYDVNVMKSFENLNNWREEFLIQATPSDPENFPF 120 
RAB7_PENCL IWDTAGQERFQSLGVAFYRGADCCVLVYDVNSMKSFDNLNNWREEFLIQASPSDPDNFPF 120 
RAB7_Lotja IWDTAGQERFQSLGVAFYRGADCCVLVYDVNSMKSFDNLNNWREEFLIQASPSDPENFPF 120 
Le.R^7 LWDTAGQERFQSLGVAFYRGADCCVLVYDVNSAKSFETLDSWRDEFLIQASPHDPENFPF 117 
RAB7_SPOMBE LWDTAGQERFQSLGVAFYRGADCCVLVYDVNNSKSFETLDSWRDEFLIQASPSNPETFPF 120 
Consensus . ************_ ************ :•*. ::*•.•:.** ****** * :*:•*** 
RAB7_CANFA WLGNKIDLEN---RQVATKRAQAWCYSKNNIPYFETSAKEAINVEQAFQTIARNALKQE 177 
RAB7_0ryCtO WLGNKIDLEN---RQVATKRAQAWSYSKNNIPYFETSAKEAINVEQAFQTIARNALKQE 177 
RAB7-Rat WLGNKIDLEN---RQVATKRAQAWCYSKNNIPYFETSAKEAINVEQAFQTIARNALKQE 177 
RAB7_MOUSE WLGNKIDLEN---RQVATKRAQAWCYRKNNIPYFETSAKEAINVEQAFQTIARNALKQE 177 
RAB7-Human WLGNKIDLEN——RQVATKRAQAWCYSKNNIPYFETSAKEAINVEQAFQTIARNALKQE 177 
RAB7_DICDI WLGNKIDLENQ--RWSQKRAASWCQSKGNIPYFETSAKEAINVEQAFQTIARNAIKLE 178 
RAB7_PRUAR WLGNKIDVDGGNSRWSEKKAKAWCASKGNIPYFETSAKEGFNVDDAFQCIAKNALNNE 180 
RAB7_PENCL VLLGNKVDVDGGNSRWSEKKAKAWCASKGNIPYFETSAKEGTNVEDAFQCIVKNALKNE 180 
RAB7_Lotja WIGNKIDIDGGNSRWSEKKARAWCASKGNIPYFETSAKGGINVEEAFQCIAKNALKSG 180 • 
Le.RAB7 WLGNKIDVEENK-RQVTQKRAMTWCQSKGNIPYFETSAKEAINVEQAFQTVAKNALTQE 176 
RAB7_SPOMBE ILLGNKVDVEEQK-RMVSKSKALAFCQARGEIPYFETSAKEAINVQEAFETVAKLALENM 179 
Consensus :::**•:*:: * *: . � * ::. ::.:*•**•**** • **::**: :.: *: 
RAB7_CANFA TEVELYNEFPEPIKLDKNDRAKTSAESCSC 207 
RAB7_OryctO TEVELYNEFPEPMKLDKNDRAKTSAESCSC 207 
RAB7-Rat TEVELYNEFPEPIKLDKNERAKASAESCSC 207 
RAB7_MOUSE TEVELYNEFPEPIKLDKNDRAKASAESCSC 207 
RAB7-Human TEEELYNEFPEPIKLDKNDRAKASAESCSC 207 
RAB7_DICDI DG LVFPIPTNIQVIPEPQPAKSGCC- 203 
RAB7_PRUAR PEEE--IYLPDTIDVAGGGRQQRSSGCEC- 207 
RAB7~PENCL PEEE--LYVPDTVDWGGNRAQRSSGCC- - 206 
RAB7~Lotja EEEE--LYLPDTIDVGNSS-QQRASGCEC- 206 
Le,RAB7 AEEQLYVDYPDPIQLDSESSQSYGCNC 203 
RAB7_SPOMBE DSDDIAADFTDPIHLDMESQKTSCYC 205 
Consensus . . . 
Fig. 3.10. Multiple sequence alignment of deduced amino acid sequences of different 
Ras-related protein RAB7 in different species by Clustal W (version 1.8). For 
consensus lines, ‘‘*，，indicates identical or conserved residues in all sequences in the 
alignment; “:” indicates conserved substitutions; “.” indicates semi-conserved 
substitutions. 
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1 GGGGGCCTAT TACTACTATC AACGTTTGCA GCAGATTCCT TCTTGAATAT 
5 1 GGGTGTCGTA GAAAAGATTA AGGAGATCGA AGAGGAGATG GCGAGGACTC 
1 0 1 AGAAGAACAA GGCGACAGAA TATCATCTGG GCTTGTTAAA AGCCAAGCTT 
1 5 1 GCACGTTATC GGCAACAGCT ATTGGAACCC ACGACAAAAT CAGGACCCGC 
2 0 1 TGGTACAGGA TTCGACGTTC AGAAAAGTGG TGATGCCAGA GTAGCCTTGA 
2 5 1 TTGGCTTTCC GTCCGTTGGA AAGTCCACCT TATTGAGCAA GTTGACCCAC 
3 0 1 ACGCAGTCCG AAGCAGCAGC GTACGAGTTT ACAACACTCA CTGCCATTCC 
3 5 1 CGGAGTAATC GAATATAAGG GCGCAAGAAT ACAGCTTTTA GATCTGCCTG 
4 0 1 GGATCGTAGA AGGAGCCAGC CAAGGTCGTG GAAGAGGTAG ACAAGTAGTA 
4 5 1 TCCACCGCCA AAACAGCCGA TGTTATCCTC ATAATGCTTG ATGCCACCAA 
5 0 1 ATCTGACGAG CAAAGACGGC TGCTTGAGCA CGAACTCGAC GCAGTGGGAA 
5 5 1 TCCGATTGAA CAAGAGTAAA CCCGATGTAG TATTCAAGAA AAGGACAACT 
6 0 1 GGCGGAATCA CGTTCAACAC GACGGTCAAA TTAA(XAAGA CGGATGAGAA 
6 5 1 AACGATCCGA ACCATACTTG CTGGATATAA GCTTCACAAT TGCGATGTCA 
7 0 1 TGATTCGTGA AGATATTACC ACAGATGAAT TTATCGATGT CCTTATAGGA 
7 5 1 AACCGAAAAT ACGTTCCTTG TATCTATGTA TACAATAAAA TTGACTCCAT 
8 0 1 CAGCCTCGAA CAAGTAGACA AAATAGCTCG CACCCCTCAG AGTCTAGTGA 
8 5 1 TTAGCTGCGA AATGGGTTTA AATTTGGATT ACCTGGTCTC CAGGATATGG 
9 0 1 GAAGAACTCG CAATGGTCAA GGTATACACC AAGAAGCGGG GAGCTCATCC 
9 5 1 AGACCTGGAC GATCCTGTCT GTCTACGTAA AGGCTCGACT ATCGAGACGG 
1 0 0 1 TCTGTAATAC AATCCATAGA TCTCTAGCAC CAAACTTCAG ATATGCTCTT 
1 0 5 1 GTCTGGGGTA AATCAAGCAA GTTTTCACCA CATGCACAGA AAGTGAGCTT 
1 1 0 1 AGCGCATGCT GTACAAGATG AGGATGTTGT TTCAATATTC ACGAAATGAA 
1 1 5 1 CGCGTACTGT ATATTGATGA TGTATAATAC GTAGTGATAA CTTCTTCATC 
1 2 0 1 GC 
Fig. 3.11. Full-length cDNA sequence of Le.Drg. Specific primers used for 
sequencing were underlined and arrows indicate their directions of sequencing. 
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DRG_Mus MGILEKISEIEKEIARTQKNKATEYHLGLLKAKLAKYRAQLLEPSKS-ASSKGEGFDVMK 59 
D r g _ H o m o MGILEKISEIEKEIARTQKNKATEYHLGLLKAKLAKYRAQLLEPSKS-ASSKGEGFDVMK 59 
Drg_Onco MGILEKIGEIEREISRTQKNKATEYHLGLLKAKLAKYRAQLLEPSKS-AGAKGEGFDVMK 59 
Drg_Droso MGILEKIAEIEREIARTQKNKATEYHLGLLKAKLAKYRSQLLEPSK--KGEKGDGFDVLK 58 
Drg_Arabi MGIVERIKEIEAEMARTQKNKATEYHLGQLKAKIAKLRTQLLEPPKG-SSGGGDGFEVTK 59 
Drg_Spombe MGVLEKIQEIEAEMRRTQKNKATEYHLGLLKGKLAKLRAQLLEPTSK-SGPKGEGFDVLK 59 
Le.Drg MGWEKIKEIEEEMARTQKNKATEYHLGLLKAKLARYRQQLLEPTTK-SGPAGTGFDVQK 59 
ygrl73wp MGIIDKIKAIEEEMARTQKNKATEHHLGLLKGKLARYRQQLLADEAGSGGGGGSGFEVAK 60 
Consensus **::::* ** * ： *********. *•* *•.*:*•• * *** * **:* * 
DRG_Mus SGDARVALIGFPSVGKSTFLSLMTSTASEAASYEFTTLTCIPGVIEYKGANIQLLDLPGI 119 
Drg_Homo SGDARVALIGFPSVGKSTFLSLMTSTASEAASYEFTTLTCIPGVIEYKGANIQLLDLPGI 119 
Drg_Onco SGDARVALIGFPSVGKSTFLSLMTATASEAASYEFTTLTCIPGVIEYNGANIQLLDLPGI 119 
Drg_Droso SGDARVALIGFPSVGKSTMLSTLTKTESEAANYEFTTLTCIPGVIEYQGANIQLLDLPGI 118 
Drg_Arabi YGHGRVALIGFPSVGKSTLLTMLTGTHSEAASYEFTTLTCIPGVIHYNDTKIQLLDLPGI 119 
Drg_Spombe SGDARVAFIGFPSVGKSTLLSAITKTKSATASYEFTTLTAIPGVLEYDGAEIQMLDLPGI 119 
Le.Drg SGDARVALIGFPSVGKSTLLSKLTHTQSEAAAYEFTTLTAIPGVIEYKGARIQLLDLPGI 119 
Yg r173wp SGDARWLIGYPSVGKSSLLGKITTTKSEIAHYAFTTLTSVPGVLKYQGAEIQIVDLPGI 12 0 
Consensus *•.•*•:**:.**•**•••:* . • * * * * **•**•:*••:•*..:•**::***** 
DRG_Mus IEGAAQGRGRGRQVIAVARTADVWMMLDATKGDVQRSLLEKELESVGIRLNKHKPNIYF 179 
Drg_Homo IEGAAQGKGRGRQVIAVARTADVIIMMLDATKGEVQRSLLEKELESVGIRLNKHKPNIYF 179 
Drg_Onco IEGASQGKGRGRQVIAVARTADWIMMLDATKGDVQRKLLEKELESVGIRLNRSKPNIYF 179 
Drg_Droso IEGAAQGKGRGRQVIAVARTADLVLMMLDATKPNVHRELLERELESVGIRLNKRKPNIYF 178 
Drg_Arabi IEGASEGKGRGRQVIAVAKSSDLVLMVLDASKSEGHRQILTKELEAVGLRLNKRPPQIYF 179 
Drg_SpOtnbe IEGASQGRG-GRQAVSAARTADLILMVLDATKAADQREKIEYELEQVGIRLNRQPPNVTL 178 
Le.Drg VEGASQGRGRGRQWSTAKTADVILIMLDATKSDEQRRLLEHELDAVGIRLNKSKPDWF 179 
Ygrl73wp IYGASQGKGRGRQWATARTADLVLMVLDATKSEHQRASLEKELENVGIRLNKEKPNIYY 180 
Consensus � **::*:* **••::.*:::*:::::***:* :* . **: **:**•: •.. 
DRG_Mus KPKKGGGISFNSTVT-LTQCSEKLVQLILHEYKIFNAEVLFRED-CSPDDFIDVIVGNRV 237 
Drg_Homo KPKKGGGISFNSTVT-LTQCSEKLVQLILHEYKIFNAEVLFRED-CSPDEFIDVIVGNRV 237 
Drg_Onco KPKKGGGLSYNSMVP-LTMCSEKLVQLILHEYKIFNAEVLFRED-STPDDFIDVIVGNRV 237 
Drg_Droso KQKKGGGLSFNATCS-LTRCNEKMVQTILHSFKIFNAEVLFRED-CTEDEFIDWTANRV 236 
Drg_Arabi KKKKTGGISFNTTTP-LTRIDEKLCYQILHEYKIHNAEVLFRED-ATVDDFIDWEGNRK 237 
Drg_Spombe TIKKNGGIKFNHTVP-LTHMDYKMAYNILHEYRIHNADILIRED-ITVDDFIDLVMGNRR 236 
Le.Drg KKRTTGGITFNTTVK-LTKTDEKTIRTILAGYKLHNCDVMIRED-1TTDEFIDVLIGNRK 237 
Ygrl73wp KKKETGGVKVTFTSPPKTNLTEQAIKMILRDYRIHNAEVLVRDDQCTIDDFIDVINEQHR 240 
Consensus • � **:. . * � ** :::•*.:::.*:* . *:***:: :: 
DRG_Mus -YMPCLYVYNKIDQISMEEVDRLARKPNSWISCGMKLNLDYLLEMLWEYLALTCIYTKK 296 
Drg_Hotno - YMPCLYVYNKI DQ I SMEEVDRLARKPNSWI S CGMKLNLDYLLEMLWEYLALTC I YTKK 296 
Drg_Onco -YMPCLYVYNKVDQISIEEVDRLAHEPHSWISCGMKLNLDFLLERLWEYLALICLYTKK 296 
Drg_Droso -YLPCLYVYNKIDQISIEEVDRLARQPNSIWSCNMKLNLDYMMEALWEALQLIRVYTKK 295 
Drg_Arabi -YIKCVYVYNKIDWGIDDVDRLARQPNSIVISCNLKLNLDRLLARMWDEMGLVRVYSKP 296 
Drg_Spombe -YINCLYCYSKIDAVSLEEVDRLARLPKSWISCNMKLNLDFLKERIWEELNLYRIYTKR 295 
Le.Drg -YVPCIYVYNKIDSISLEQVDKIARTPQSLVISCEMGLNLDYLVSRIWEELAMVKVYTKK 296 
Ygrl73wp NYVKCLYVYNKIDAVSLEEVDKLAREPNTWMSCEMDLGLQDWEEIWYQLNLSRVYTKK 300 
Consensus * : * ： * *•*：* ： . ： ： ** ： ： * ： * ： ： ： * ： ** ： *.*： ： * ： * ： * 
DRG_Mus RGQRPDFTDAIILRKG---ASVEHVCHRIHRSLASQFKYALVWGTSTKYSP--QRVGLTH 351 
Drg_Homo RGQRPDFTDAIILRKG---ASVEHVCHRIHRSLASQFKYALVWGTSTKYSP--QRVGLTH 351 
Drg_Onco RGERPDFSDAIIMRRG---ASVEHVCHRIHRTLASQFKYALVWGTSTKFDP--QRVGLTH 3 5 1 
Drg_Droso PGAPPDFDDGLILRKG---VSVEHVCHAIHRTLAAQFKYALVWGTSTKYSP--QRVGIAH 3 50 
Drg_Arabi QSQQPDFDEPFVLSADRGGCTVEDFCNQVHRTLVKDMKYALVWGTSARHYP--QHCGLFH 354 
Drg_Spombe KGEMPDFSEALIVRKG- - -STIEQVCNRIHRTLAEQLKYALVWGTSAKHSP--QW 346 
Le.Drg RGAHPDLDDPVCLRKG---STIETVCNTIHRSLAPNFRYALVWGKSSKFSPHAQKVSLAH 353 
Ygrl73wp RGVRPVFDDPLWRNN---STIGDLCHGIHRDFKDKFKYALVWGSSAKHSP--QKCGLNH 355 
Consensus * � � . � . � � .*: :•* � .::******.*::.* * 
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DRG—Mus TMEHEDVIQIVKK 3 64 
Drg:Homo TMEHEDVIQIVKK 364 
Drg_Onco IMEHEDVIQIVKK 364 
Drg:Droso VMADEDVIQWKK 262 
Drg_Arabi HLEDEDWQIVKKKVREEGGRGRFKSHSNAPARIADREKKAPLKQ 399 
Drg_Spombe 
Le.Drg AVQDEDWSIFTK 366 
Ygrl73wp RIDDEDWSLFAK - - 368 
Fig. 3.12. Multiple sequence alignment of deduced amino acid sequences ofdifFerent 
developmentally regulated GTP-binding proteins in different species by Clustal W 
(version 1.8). For consensus lines, “*，，indicates identical or conserved residues in all 




Table 3.2 Summary of the identities of five GTP-binding proteins ofL. edodes 
cDNA Gene |cDNA|Ami:o| : |identity| 
clone name '^\ / cu l Homology* ld=/:ti#Wpvalue 
(bp) length ^ ^ 
PEL557 Le,Gal 1624 354 Guaninenucleotide-binding protein 
1. alpha subunit (C. congremtus) �� 
PEL408 Le.Gpl 1056 312 Guanine nucleotide-binding protein 
beta subunit-hke protein (N, crassa) •�丄^' 
PEL212 Le.Gyl 675 82 Guanine nucleotide-binding protein 40 ! 9e_6 
gamma subunit {S. cerevisiae) .穴 ° 
PEL339 Le.Rab7 818 203 Ras-relatedproteinRAB7 
{H. sapiens) 
PEL124 Le.Drg 1202. 366 Developmentallyregulated GTP-
|binding protein (K sapiens) 
Note: 
*The best matched homologous gene on the GenBank database. Abbreviation of 
species names: C, congregatus: Coprinus congregatus\ N. crassa: Neurospora crassa\ 
S. cerevisiae: Saccharomyces cerevisiae; H. sapiens: Homo sapiens. 
#The percentage of identity was obtained from comparing with the best matched 
homologous gene. 
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3.3.2 Transcriptional analysis 
Northern blot hybridization was used to analyze the expression pattems of 
Le.Gj3l and Le.Gyl among four different developmental stages of L edodes: 
mycelium, primordium, young fruit body and mature fruit body (Fig.3.13). The 
density o f l 8 S and 28S ribosomal RNA among different stages served as the loading 
control (Fig. 3.13). The size of transcripts of Le.G/31 and Le.Gyl were determined to 
be about 1.2 kb and 0.9 kb respectively. Figure 3.14 shows that Le.Gpi transcript is 
expressed only in primordium and young fruit body stages, and showed the highest 
level in primordium stage. For Le.Gyl transcript, it showed similar expression level 
in both primordium and young fruit body stages. The expression level in these two 
stages is about 2-folds higher than in mycelium and mature fruit body stages. 
Real-Time SYBR Green RT-PCR was used to analyze the expression 
pattems of Le.Gal, Le.Rab7 and Le.Drg transcripts among three main 
developmental stages: mycelium, primordium and mature fruit body (Fig. 3.14，3.15). 
Since it was 41伍0^1 to find an intemal control for RT-PCR among different 
developmental stages of L edodes, Le. Gyl transcript was also analyzed using this 
method (Fig. 3.14)，ensuring the similar result produced from these two methods. 
The result from Real-Time SYBR Green RT-PCR showed that Le.Gyl is expressed 
with the highest level in primordium stage, about 2-folds higher than in mycelium 
and mature fruit body stages. This result agreed with the result from Northern blot 
hybridization (Fig. 3.13). 
Result from Real-Time SYBR Green RT-PCR showed that the level of 
Le.Gal transcript is the highest in mycelium stage, and it is reduced during fruit 
body initiation and development (Fig. 3.14). The level of Le.Rab7 and Le.Drg 
transcripts are increased in primordium and mature fruit body stages compared with 
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mycelium stage, and both reach the highest level in mature fruit body stage (Fig. 
3.15). 
Since SYBR Green dye will bind to any double strand DNA. The production 
of non-specific PCR product and primer dimer will cause over-estimation of PCR 
signal. Gel electrophoresis of final PCR products in 4% NuSieve agarose gel 
confirmed that only single specific PCR product was obtained. Result from gel 
electrophoresis showed that only desirable PCR product was synthesized for each 
PCR reaction (Fig. 3.14，3.15). 
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M P YF MF 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m Expression ratio 
Le.Gpl ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H M P YF MF 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 1 Q 2 1 0 
| ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m Expression ratio 
Le.Gyl ^ ^ ^ ^ ^ ^ ^ H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H M P YF MF 
^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ H ^ ^ ^ ^ | 1 2 2 1 
mmmm 
m^ i^ ^^ ^^ ^^ ^^ i^iifm^ ii^ ^^ ^^ ^^ ^^ i^imii^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ i^^ ^^  .. .^^^^^ ¾^ 
rRNA ^ ^ ^ ¾ ^ ^ ^ ^ ^ ^ ^ ^ ^ ¾ 
^^ ^^ ^^ ^^ ^^ ^^ l^l^ m^iligliill^ ^^ ^^ i^l|^ ^^ l^^ ^^ ^^ ^^ ^^ i^j|^ ^^ li^ ^^ ^^ ^^ ^^ ^^ l^ ^^ |^ 
Fig. 3.13 Northem blot hybridization of Le.Gpl and Le.Gyl among four 
developmental stages. M, mycelium; P, primordium; YF, young fruit body; MF, 
mature fruit body. The size of Le.Gpl and Le.Gyl transcript is 1.2 kb and 0.9 kb 
respectively. Equal amounts of 10 ^g of total RNA samples were visualized by 1.2 % 
formaldehyde denaturing agarose gel stained with ethidium bromide before blotting. 
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• Fruit l^)d.v(K) 
--—•-• NT<-Fig. 3.14 Transcriptional analysis of Le.Gal and Le.Gyl using Real-Time SYBR Green RT-PCR. Finally PCR products were electrophoresed in 4% NuSieve 3:1agarose gel to confirm the producti n of single PCR r duct  each PCR r action.M, mycelium; P, pr mordium; MF, ma ure fruit body; NTC, no templ te control; C ,^ th shold cycle; AC-,-, difference in threshold cycle; Alevel diff rence in expressionlevel. 
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Fig. 3.15 Transcriptional analysis of Le.Drg and Le.Rab7 using Real-Time SYBR 
Green RT-PCR. Finally PCR products were electrophoresed in 4% NuSieve 3:1 
agarose gel to confirm the production of single PCR product in each PCR reaction. 
M, mycelium; P, primordium; MF, mature fruit body; NTC, no-template control; C^, 




3.4.1 Heterotrimeric G proteins 
Heterotrimeric guanine nucleotide-binding proteins (G proteins) are a family 
of membrane associated proteins that couple extracellularly activated membrane 
receptors to intracellular effectors (Kaziro et al., 1991; Simon et al, 1991). 
Heterotrimeric G proteins are composed of three subunits. The a subunit is the 
largest (39-46 kDa) and contains the binding site for guanine nucleotides. The y0(35-
36 kDa) and y (about 8 kDa) subunits form stable noncovalent complexes associated 
more tightly with intracellular membranes (Stemweis, 1996). In the resting state, 
they associate as a heterotrimer at the inner face of the plasma membrane, so called 
heterotrimeric G protein. Stimulation of the G protein by an activated receptor results 
in its exchange for GTP and subsequently leads to dissociation ofthe a subunit from 
Pr subunits. Both a and Py subunits are then able to interact with effectors, either 
individually or in a cooperative manner, which "in tum generate an intracellular 
response (Bimbaumer, 1992; Herskowitz, 1995; Neer, 1995). The intrinsic GTPase 
activity of the a subunit hydrolyses the bound GTP to GDP resulting in converting 
the a subunit into its inactive conformation and subsequently reassociation of 
heterotrimer which can then reassociate with its receptor and undergo a new cycle of 
signal transduction. 
G proteins act as mediators in other organisms to transfer and amplify signal 
from extracellularly activated receptors to inter-membrane downstream effectors and 
finally lead to corresponding responses (Kaptein et al, 1996). G protein a, P and y 
subunits were found to consist of multigene families, the various combinatorial 
arrangements of them can cooperate with various receptors and target enzyme 
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specificities so that differing responses are evoked by different stimuli. Signal 
transduction via the heterotrimeric G proteins leading to the highly refined regulation 
of systems such as pheromone response pathway in the yeasts S. cerevisiae and S. 
pombe (Banuett, 1998)， sensory perception, neuronal activity, cell growth and 
hormonal regulation in mammalian systems (Simon et al. 1991, Rens-Doniano and 
Hamm, 1995). In this study, three genes encoding putative components of G proteins 
were found, designated as Le.Gal, Le.Gpl and Le.Gyl. 
Among the existed Ga subunits, four classes have been divided based on 
amino acid sequence similarities (Simon et al. 1991; Hepler and Gihnan, 1992; 
Conklin and Boume, 1993; Rens-Doniano and Hamm, 1995). The Gas family 
includes Gas and Gaolf, and mediates the hormonal stimulation of adenylyl cyclase 
and closing of Ca:+ channels. The Gai family includes Gai, Gat, Gao, Gagust and 
Gaz. Gai involves in inhibition of adenylyl cyclase and opening K+ channels. Gat 
involves in the stimulation of cGMP phosphodiesterase. Gao mediates Ca!+ channel 
closure and inhibits PI turnover. The effector systems for Gagust and Gaz are 
unknown. The Gaq family includes Gaq, Ga l l , Gal4, Gal5 and Gal6; they are 
coupled to the stimulation ofPI turnover. The fourth class include Gal2 and Gal3, 
whose regulatory systems are unclear. For G protein P and y subunits, there are 
currently at least five P subunits (pl-5) and seven y subunits (yl-7) (Hepler and 
Gilman, 1992; Clapham and Neer, 1993; Watson et al, 1994). The P and y subunits 
always form a stable noncovalent complex that acts as a single functional unit. The 
interaction between P and y is specific; certain Gp subunits will only interact with 
certain Gy subunits (Pronin and Gautam, 1992; Schmidt et al, 1992). Different 
combinations of Py complexes contribute specific interaction with receptors and 
effectors. Thus different Py complexes may be involved in different signal pathway 
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responding to specific receptors (Gautam et al, 1998). 
The amino acid sequence of Le.Gal (Fig 4.3) showed high similarity with 
other proteins belonged to Gai class of fungal and mammalian G protein a subunits, 
including Gpal of Coprinus congregatus, Gpal of U. maydis, Cpgl of 
Cryphonectria parasitica’ Ctgl of Colletotrichum trifolii’ fadA of Emericella 
nidulans’ Gnal of N. crassa, MagB of Magnaporthe grisea, and Gai subunit in 
many mammals. Multiple alignment of the amino acid sequences of them showed 
that they are very conserved, about 73% of amino acids is similar (Fig. 3.4). Gai 
proteins in different fungi involve in different signaling pathways. For examples, 
Gnal of N. crassa functions involved in pheromone signaling during the directed 
growth of the female trichogyne toward male micro- or macroconidia (Baasiri et al, 
1997; BOlker, 1998)，FadA of Aspergillus nidulans may involve in the regulation of 
mycotoxin synthesis (Hicks et al, 1997)，and MagB ofM. grisea functions in the 
regulation of vegetative growth, conidiation and appressorium formation (Liu and 
Dean, 1997). All members of Gai proteins were proved to function as negative 
regulator for the intracellular level of cAMP by inhibiting adenylyl cyclase in 
mammal and fungal systems (Turner and Borkovich, 1993), thus it is possible that 
Le.Gal functions similar to other Gai members. Transcriptional analysis of Le.Gal 
using Real-Time PCR detection (Fig.4.14) showed that Le.Gal transcript is reduced 
about 2-folds during fruit body development, showing highest expression level in 
mycelium. Previous study with L edodes (Takagi et al, 1988) showed that high level 
of intracellular cAMP was related to the onset of fruiting and/or primordium 
formation. If Le. Gal is involved in signaling pathway to inhibit adenylyl cyclase, 
lower expression of Le.Gal in primordium and fruit body may stimulate the increase 
of the intracellular cAMP level. The expression profile of Le.Gal is consistent with 
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that it acts as a negative regulator for fruit body formation. 
Other components of G proteins isolated are Le.Gpi and Le.Gyl. Le.Gpi 
showed very high similarity with G protein beta subunit-like proteins in other 
organisms (Fig. 3.6). Le.Gyl only shows moderate similarity with G protein y 
subunit {stel8) of S. cerevisiae (p=2.8e-06) and low similarities (p>0.31) with other 
mammalian G protein y subunits (data not shown). Multiple alignment of the amino 
acid sequence of Gy subunits showed that they are vary among different organisms, 
only about 31% similar (Fig. 3.8). This indicated that the amino acid sequence of 
the G protein P subunits are quite conserved during evolution, while the G protein y 
subunits are relatively diverse between fungi and mammals, hi most biological 
systems, the Ga subunits are generally recognized as the signal transducer to dictate 
the specificity of signaling pathway, while the Gpy complex usually plays a passive 
role by promoting interaction between the Ga subunit and the receptor (Fung, 1983; 
Florio and Stemweis, 1985). However, recent studies found that the GPy subunits 
also participate in a wide range of regulation systems. These include the regulation of 
the yeast mating response, and regulation of the activities of adenylyl cyclase types II 
and IV, phospholipase Aj and C, and muscarine-gated K+ channels (Clapham and 
Neer, 1993). Northern blot hybridization of Le.Gfil showed the highest 
transcriptional level in primordial stage, and Le.Gyl showed highest transcriptional 
level in both primordium and young fruit body. Although the roles of Le.Gj31 and 
Le.Gyl in L edodes are not clear, the highest expression Le,Gpi and Le.Gyl in 
primordial stage indicated the signaling pathway they may be involved is important 
for fruit body initiation. Besides, lower expression of Le.Gpi and Le.Gyl in 
mycelium and mature fruit body indicated that mycelial growth, initiation of 
primordium and maturation of fruit body are regulated by different signaling 
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pathways. 
Because Ga, GP and Gy can interact with each other to form a 
heterotrimeric protein, the interactions among Le.Gal, Le.Gpl and Le.Gyl should 
be investigated. If they can interact with each other, they may be most likely 
involved in the same signaling pathway. 
3.4.2 Ras-related protein Rab7 
The amino acid sequence of Le.Rab7 found significantly match to ras-
related GTP-binding protein Rab7 in various other species. Multiple alignment ofthe 
amino acid sequences of Le.Rab7 and other Rab7 proteins in other organisms 
showed that they are very conserved, about 75% of amino acid sequences is similar 
(Fig 3.10). Rab7 is a small GTPase protein localized to the late endosomal 
compartment (Chavrier et al., 1990) where it appears to function in early to late 
endosomal transport and in late endosomal to lysosomal transport. (Feng et al, 1995; 
Vitelli et al, 1997). Deletion of Ypt7 gene, the yeast horiiologue ofRab7, leaded to 
fragmentation of the vacuole and to a delay in the processing of vacuolar proteins 
(Wichmann et al” 1992). Ypt7 also regulates transport between late endosome and 
vacuole (Schimmoller and Riezman, 1993)，and takes part in the homotypic fusion 
between vacuoles in yeast (Hass et al, 1995). Similar functions ofRab7 were shown 
in other systems such as Hela cells (Bucci et al. 2000) and Xenops oocytes 
(Mukhopadhyay et al, 1997). Based on the conserved functions ofRab7 in different 
eukaryotic systems, it is suggested that Le.Rab7 in L edodes may also have similar 
functions. 
Endocytosis occurs in all eukaryotic cells and is essential for the uptake of 
nutrients and the turnover of membrane proteins. Endocytosed substances and 
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receptor bound proteins are delivered to a common early endosome where they are 
sorted and targeted to other intracellular destinations, including a putative recycling 
compartment, a trans-Golgi network pathway and diversion to a lysosomal 
degradative/storage compartment. Rab7 plays important roles in endocytosis by 
transporting endocytosed substances from early endosomes to lysosome (Vitelli et al, 
1997). Transcriptional analysis of Le.Rab7 showed that it is increasingly expressed 
during fruit body formation (Fig. 4.15) and reached the highest level in mature fruit 
body, indicating that higher transport rate of endocytosed substances from early 
endosome to lysosome occurs during fruit body development especially in 
development of mature fruit body. The result also suggested that the rate of 
endocytosis during fruit body development is increased in order to uptake more 
nutrients and process membrane binding proteins. 
3.4.3 Developmentally regulated GTP-binding protein 
The sequence ofLe.Drg was related to developmentally regulated GTP-bind 
proteins (DRG) in other organisms including Mus musculus, human, Drosophila, C. 
elegans, S. pombe and etc. This group of proteins were regarded as a separate family 
within the superfamily of GTP-binding proteins because oftheir strikingly different 
from those of the well-characterized G-proteins (Lee et al. 1998; Etheridge et al., 
1999). Multiple alignment of the amino acid sequences of Le.Drg and other DRG 
proteins in other organisms showed that they are very conserved, about 68% of 
amino acid sequences is similar (Fig 3.12). The murine DRG was suggested to play 
multiple roles in development and normal cell metabolism (Sazuka et al., 1992). The 
expression of DRGs of Xenopus was found to be temporally regulated during 
embryonic development (Kumar, et al, 1993). The putative role for DRG protein of 
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Arabidopsis (ATDRG1) was suggested to be either the regulation ofvesicle transport 
or the regulation of enzymes involved in storage protein processing (Etheridge et al. 
1999). So far, the exact function ofDRGs is not yet know but they seemed to play a 
crucial role in the growth, differentiation or death of cells by sequestering some 
transcription/difFerentiation factors within the cytoplasm (Li and Trueb, 2000). 
Transcriptional analysis of Le.Drg showed that it is actively transcribed during fruit 
body formation, especially in mature fruit body (Fig. 4.15). Although the role of 
Le.Drg protein in fruit body formation of L. edodes is unclear, the expression pattem 
ofLe.Drg suggests that it also play an important role in fhiit body maturation. 
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Chapter Four Functional Characterization of Le.Cpi and 
Le.Gyl by Yeast Complementation and 
Over-expression Tests 
4.1 Introduction 
Saccharomyces cerevisiae, the budding yeast, is widely recognized as an 
ideal eukaryotic microorganism for biochemical and genetic studies. There are many 
properties that make yeast particularly suitable for genetic studies including non 
pathogenic, genetically well known, the existence ofboth stable haploid and diploid 
cells, rapid growth rate, reliability of yeast mutants and transformation systems, and 
the ease of replica plating and isolation of tetrad ascus. Yeast complementation test 
is one of the useful methods to identify or characterize functionally related or 
homologous genes of other organisms, such as phosphatidylinositol synthase and 
endosomal Na(+)/H(+) antiporters from Arabidopsis thaliana (Xue et al, 2000; 
Quintero et al, 2000), and cyclin D1 and RNA polymerase I transcription factor 
Rm3 from human (Xiong et al, 1991; Moorefield et al., 2000). Yeast 
complementation test was also successfully used to study the functions of 
homologous L. edodes genes. For examples, Le.ras was found to functionally 
complement to yeast Rasl and Ras2 (Ishibashi and Shishido, 1994), and L edodes 
(adenylyl-cyclase-associated protein) CAP could functionally complement to yeast 
CAP mutants (Zhou et al. 1998). 
Another method used to characterize the functions of genes is over-
expression of gene interest from other organisms to wild type yeast or mutant with 
defective homologous gene: the function of gene can be speculated if 
corresponding stimulation or disruption effect is produced. Successful examples 
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include over-expression of Candida albicans mitochondrial ribosomal protein S9 
(MrpS9p) disturbed mitochondrial function in S. cerevisiae (Wiltshire et al, 1999)， 
and over-expression of Delta5-fatty acid desaturase of slime mold Dictyostelium 
discoideum in yeast caused the accumulation of Delta5-desaturated products (Saito 
and Ochiai, 1999). Due to lacking of efficient transformation system in L. edodes, 
complementation and over-expression tests applying yeast system were used to study 
the functions of Le.Gfil and Le.Gyl. 
S. cerevisiae has two haploid cell types, a and a cells, that can mate and 
form a/a diploids. The a cell secretes a-factor pheromone and acts on a cell which 
contains a-factor receptor (encoded by STE3), while The a cell secretes a-factor 
pheromone and acts on a cell which contains a-factor receptor (encoded by STE2). 
Mating response in S. cerevisiae is regulated by G protein-couple pheromone 
response pathway (Fig. 4.1; Francken et al., 1997). Binding ofmating pheromone 
to its corresponding receptor promotes the exchange of the bound GDP for GTP 
resulting in dissociation of Ga (encoded by GPA1 or SCG1) from Gf>y (encoded by 
STE4 and STE18 respectively). The released GPy complex is thought to propagate 
the signal, that activates the downstream mitogen-activated protein kinase (MAPK) 
cascade via phosphorylation. STE20 acts as the target for GPy complex to 
phosphorylate and thereby activate STE11, a membrane of MEKK or MAPKKK 
family, which in tum phosphorylate the MEK or MAPKK STE7. STE7 then 
phosphorylates MAPK FUS3. STE5 acts as a scaffold to anchor the members ofthe 
MAPK cascade (Marcus et al, 1994; Printen, 1994). The activated MAPKs activate 
the transcription factor STE12 which induces several response in target cells 
including arrest of cell-cycle in the late G1 phase, induction of expression of certain 
genes which are known to be essential for mating, and alternation of cellular 
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morphology. These responses ultimately cause mating between a and a cells that 
results in the formation of a/a diploid cells. 
^ ^ ^ P h e r o m o n e 
—J^ ^ 
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Mating Response 
‘Cell cycle arrest in G1 phase 
‘Gene induction 
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Fig. 4.1. Pheromone response pathway in S. cerev/j/ae(modified from Francken et aL, 
1997). The binding of pheromone lead to dissociation ofthe GPy complex from the Ga, 
and transmission of signal to downstream effectors. 
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Evidences showed that Gfy complex, rather than Ga, can stimulate this 
pathways without the binding of pheromone. Disruptions of GPA1 caused 
constitutive activation of pheromone response pathway resulting in cell-cycle arrest 
at the G1 phase and the lethality, indicating the negative regulation of GPA1 on 
pheromone response pathway (Dietzel and Kuijan, 1987). In contrast, defective of 
either STE4 or STE18 eliminate pheromone responsiveness and suppress the lethality 
conferred by GPA1 disruption 0sfakayama et al. 1988; Whiteway et al, 1989) 
indicating that STE4 and STE18 play a positive role in the pheromone response 
pathway. Study also showed that STE4 over-expression alone is sufficient to initiate 
a pheromone response pathway in wild type cells, while STE18 seems to be 
abundant and required for STE4 action fNomoto et al, 1990). 
Fortunately, wild type yeast strain (PPY640), ASTE4 mutant (PPY889) and 
ASTE18 mutant (PPY865) were given by Professor Pryciak. These strains contain 
multiple selective markers (refer to 4.2.1)，that allows applicability of various yeast 
vectors and transformation of multiple genes. To clone L edodes gene into yeast, • 
pESC yeast vectors (Stratagene) were chosen. There are many advantages for using 
the pESC vectors to perform yeast complementation and over-expression tests. 
Firstly, the pESC vectors are E. coli - yeast shuttle vectors, allowing for replication 
and selection of gene interest in E. coli prior for yeast transformation. Secondly, the 
pESC vectors are a series of vectors each containing an auxotrophic selectable 
marker gene (HIS3, TRP1, LEU2, or URA3) to select and maintain the expression 
vector in yeast cells. Thirdly, Each pESC vector contains yeast 2\x origin, which 
enable autonomous replication of the plasmids in yeast. Moreover, gene of interest 
will be under the control of either GAL1 or GAL10 promoter, that are strong and 
inducible promoter: about 1000-fold of induction in the presence of galactose but 
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strongly repressed by the presence of glucose (Guarente et al., 1982). 
In this study, I tried to clone the Le.Gpi and Le.Gyl gene into its 
corresponding yeast mutant which carrying defective STE4 and STE18 gene 
respectively. Mating test of recombinant yeast was performed to investigate whether 
the expression ofLe.Gfil and Le.Gjd can restore the mating defect caused by either 
the disruption of STE4 and STE18. Furthermore, Le.Gpi and Le.Gyl were over-
expressed into wild type yeast to test whether they can influence the normal mating 
response in yeast. 
119 
4.2 Materials and Methods 
4.2.1 Yeast strains, media and yeast vectors 
Yeast strains used in this study were PPY889 (MATa ade2 his3 leu2 trpl 
ura3 canl FUSl::FUSl-lacZ::LEU2 ste4::ADE2), PPY865 (MATa ade2 his3 leu2 
trpl ura3 canl FUSl::FUSl-lacZ::LEU2 stel8::URA3), PPY640 (MATa ade2 his3 
leu2 trpl ura3 canl FUSl::FUSl-lacZ::LEU2), and EY492 (MATa lys9). The 
PPY889，PPY865 and PPY640 were given by Professor Pryciak (Department of 
Molecular Genetics and Microbiology, University ofCalifomia, San Francisco). 
There were several media used for cultivation of yeasts. YPD agar plate 
contains 1% yeast extract, 2% peptone, 2% glucose and 2% Bacto agar (Difco). SD-
minimal plate contains 6.7 g/TLiter ofyeast nitrogen base without amino acids (Difco), 
2% glucose and 2% Bacto agar (Difco). Leucine-drop-out plate (SD-LEU") refers 
to SD plate with 2 ^ig/ml of adenine, L-tryptophan and L-histidine, and 3 ^ig/ml ofL-
lysine (Sherman, 1991). Histidine-drop-out plate (SD-HIS') and Tryptophan-drop-out 
plate refer to SD plate added with other essential amino acid supplement but without 
histidine and tryptophan respectively. YEP-gal and SD-gal plates contain same 
composition with YPD and SD plates respectively, but 2% galactose is instead of2% 
glucose. 
Two yeast vectors pESC-TRP and pESC-HIS (Fig. 4.2; Stratagene) that 
contain tryptophan and histidine as yeast selective marker respectively. The coding 
sequence of Le.Gfil and Le.Gyl will be cloned into pESC-TRP and pESC-HIS 
vectors respectively. 
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4.2.2 Primer design 
Restriction maps for Le,Gpi and Le.Gyl were firstly analyzed using the 
GeneJockey to find out suitable cloning sequences for these two genes to be cloned 
into the multiple cloning sites on the yeast vectors. Primers were designed to clone 
these two genes between EcoRI and SpeI restriction sites of each vectors (Fig. 4.3). 
Primers for generation of the constructs of two positive controls from budding yeast 
S. cerevisiae, ste4 and stel8 that represent Guanine-binding protein beta and gamma 
subunit respectively, were also designed (Table 4.1). 
4.2.3. RT-PCR amplification oiLe,Gpi and Le.Gyl 
Total RNA from primordial stage was extracted using TRI-REAGENT® 
(Molecular Research Center. Inc.) (section 2.2.1.1). After DNase I treatment 
(GIBCOBRL), the first strand cDNAs were generated using oligo-dT,6.,8 primer mix 
(same as 2.2.2.3). The coding sequences of Le.Gpi and Le.Gyl were amplified using 
sequence specific primers (Fig.4.3) in 100 i^l ofPCR mix containing lx Pfu reaction 
buffer (20 mM Tris-HCl, pH8.8, 10 mM KC1, 10 mM G^JHJ^SO ,^ 2 mM MgSO4, 
0.1% Triton® X-100, 0.1 mg/ml nuclease-free BSA), 2 \i of dNTPs mix (each 10 
mM)，1 i^l of Pfu DNA polymerase (5U/^il). The template was firstly denature at 
94°C for 1 min, then 6 “touch-down’，cycles were followed: 94�C，1 min; 60°C, 1 min; 
72°C, 2 min, with the annealing temperature decreased by l � C for every cycle. After 
the "touch-down" cycles, the PCR reaction was performed for additional 35 cycles of 
94�C，1 min; 55�C，1 min; 72�C，2 min. Additional extension step was done by 
incubating at lTC for 10 min. 
Same procedure was used to cloning positive controls STE4 and STE18, 
except for RNA was extracted from wild type yeast strain PPY640, and they specific 
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primers were used. 
4.2.4 Purification ofPCR products 
The PCR products of Le.GpU LeGyl, STE4 and STE18 were 
electrophoresed on 1% agarose gel to check their corresponding sizes. The PCR were 
directly cut from the agarose gel and purified by QIAEX II Agarose Gel Extraction 
Protocol (QIAGEN) described in the 3.2.3.3. 
4.2.5 Enzymatic digestion and purification 
The two sticky ends for Le.Gpi, Le.Gyl, STE4 and STEI8 constructs 
were generated by enzymatic cutting with their corresponding restriction enzymes. 
For Le, Gfil ’ LeGyl and ste4 constructs, each reaction contains 1 i^l of Eco RI (200U), 
1 )il of Spe I (200U), 2 x One Phor All Plus buffer (OPA) (Pharmacia), 20 ^1 
purified PCR product and double distilled water to 40 fil. The digestion reaction was 
performed at 37�C ovemight. The reaction was stopped by heating at 65°C for 20 min. 
For stel8, BamHI and XhoI restriction enzymes were used. Finally the digested PCR 
products were purified by QIAQuick PCR Purification Kit (QIAGEN) and analyzed 
by gel electrophoresis. 
Enzymatic digestion of yeast vectors were done by using corresponding 
restriction enzymes to generate corresponding sticky ends for cloning of gene 
interests. The digested vectors were purified by QLVEX II Agarose Gel Extraction 
Protocol (QIAGEN) and analyzed by electrophoresis. 
4.2.6 Ligation and E. coli transformation 
Ligation between gene interest and corresponding yeast vector was 
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performed in the ligation reaction contains 1 x T4 DNA ligase buffer, (50 mM Tris-
HCl, pH7.5, 10 mM MgCl2, 10 mM DTT, 1 mM ATP, 25 ^g/ml BSA), 1 i^l ofT4 
DNA ligase (400U/^1, Biolabs), 0.1 ^g of digested vector, 0.2 ^g digested PCR 
product and double distilled water to 10 i^l. The ligation reaction was incubated at 
20°C for 30 min or \6°C for 4-16 hours. 
Yeast vector pESC-TRP was ligated with Le.Gpi’ designated pESC-TRP-
Le.Gpi. pESC-HIS was ligated with Le.Gyl, designated pESC-HIS-Le.Gyl. The 
recombinant vector containing yeast gene for control was named pESC-TRP-STE4 
and pESC-HIS-STE18 respectively. 
The recombinant vectors were then transformed into specific E. coli strains 
for first round selection and amplification. Forty ^1 of thawed Epicurian Coli XL1-
Blue MRF'Kan supercompetent cells (Stratagene) were firstly activated by adding 
0.7 i^l of l .45 M P-mercaptoethanol. The cells were incubated on ice for 10 min with 
gently swirling for every 2 min. Then 4 ^1 of ligation reaction was added into the 
cells and incubated on ice for 30 min. At the same time, SOC medium (1 liter 
contains 20 g of tryptone, 5 g of yeast extract, 0.5 g ofNaCl, 10 ml of 1 M MgClj, 10 
ml of 1 M MgSO4, and 20 ml of20% glucose) was preheated at 42°C. The vectors 
were transformed into host by pulse-heating in a 42�C water bath for 45 sec. Then the 
transformation reaction was incubated on ice for 2 min. After that, 0.45 ml of the 
prepared SOC medium was added to the transformation reaction followed by 
incubation at 37°C for 1 hour with shaking at 225-250 rpm. Finally 100 i^l of the 
transformation reaction was spreaded onto LB plate contained ampicillin (50 mgyO.) 
and incubated at 37�C ovemight. 
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4.2.7 PCR screening of E. coli transformants 
Colonies grown on the LB-ampicillin plate were randomly picked up and 
confirmed the size of insert using PCR reaction. Vector specific primers, GAL10 
forward primer (5' GGTGGTAATGCCATGTAATATG 3，）and GAL10 reverse 
primer (5' GGCAAGGTAGACAAGCCGACAAC 3，)，were used to amplify the 
sequences within the multiple cloning site (MCS). Each 25 i^l PCR reaction mix 
contains 2.5 i^l of 10 x Taq DNA polymerase buffer, 0.25 ^1 ofdNTPs mix (each 10 
mM), 1.5 i^l of25 mM MgClj, 0.2 |_il of 10 mM GAL10 forward primer, 0.2 |il of 10 
mM GAL10 reverse primer, 0.2 ^1 of 10% (v/v) Tween® 20，and 0.2 i^l of Taq DNA 
polymerase (5U/^il). The PCR cycles include one cycle of94�C，4 min; 50°C, 2 min; 
720C，2 min, and 30 cycles of94°C, 1 min; 56°C, 2 min; 72�C, 1 min, and one cycle 
at 72�C for 5 min. 
4.2.8 Plasmid extraction 
The recombinant plasmids carrying corresponding inserts were extracted 
using Wizard™P/w5 Miniprep DNA Purification System (Promega) as described in 
section 2.2.2.5 and pooled together. 
4.2.9Yeast transformation 
Transformation of all constructs into desirable yeasts are carried by using 
lithium acetate method (Ito et al, 1983). The yeast strain was firstly cultivated in 5 
ml YPD broth with shaking at 30�C ovemight. The cultivated yeast then diluted into 
fresh 50 ml YPD to give OD^oo= 0.2. The cells were further incubated at 30�C with 
shaking for about 3-4 hours until OD^oo= 0.4-0.5. The cultivated cells were harvested 
by centrifugation at 3,000 rpm for 10 min. The pelleted cells were washed once with 
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50 ml of sterile water and then centrifuged at 3,000 rpm for 10 min to pellet the cells. 
The washed cells were suspended in 1 ml of fresh prepared LiOAc/TE (0.1 M LiOAc, 
10 mM Tris-HCl, pH7.5, 1 mM EDTA) and transferred to a sterile 1.5-ml Eppendorf 
tube. The cells were centrifuged down and the supernatant was discarded. Finally the 
cells were resuspended with freshly prepared LiOAc/TE buffer to 1 ml. 
To transform yeast vector into yeast, 1 |ig of yeast vector was mixed with 
100 ^1 of freshly prepared cells from above procedure, 50 i^g Sahnon sperm DNA 
and 200 i^l ofPEG/LiOAc/TE solution (40% w/v PEG 400 in LiOAc/TE buffer). The 
mixture was incubated at 30°C for 30 min. Then transformation was induced by 
placed the mixture at 42°C for 15 min. water bath. Then the mixture was quickly 
cooled on ice and centrifuged at 10,000 rpm for 1 min to concentrate the cells. After 
discarding the supernatant, the cells were suspended in 100 ^1 of sterile water. 
Finally the cells were spreaded into suitable selective medium and incubated at 30°C 
until appearance of yeast colonies. 
4.2.10Mating test 
Yeast transformants were grown on the SD-gal plates plus selective 
nutrient at 30�C for 2-3 days. The a tester EY492 was cultivated in 2-3 ml ofYEP-
gal broth at 30°C ovemight. To perform mating test, about 200 ^1 of EY492 culture 
was spreaded on the surface of a SD-gal minimal plate and allowed to dry. Sterile 
velvet was used to press the cultivated yeast transformants and print onto the plate 
spreaded with EY492. Then the plate was incubated at 30�C for mating process. 
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Fig.4.3. Constructs of(A) Le.Gpi and (B) Le.Gyl. 
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Table 4.1 Primer used to generate constructs of Le.Gpi, Le.Gyl, and two yeast 
controls: STE4 and STE18 
Gene Primer Primer Sequence Length 
GB-Eco-Up GGGAATTCAAAATGACAGAATCTTTG 26mer 
•冲 |GB-Spe-Lp |GGACTAGTCTATGAAGTAACGGTCCA |26mer 
|Eco-GG-Up |GGGAATTCAAAATGAGTTCTCGGACT |26mer 
y |Spe-GG-Lp-411 |GGACTAGTTTACTGAACAGAGCAGCA |26mer 
ME4~~|Eco-Ste4-Up |GCGAATTCATGGCAGCACATCAGATGG |27mer 
|Spe-Ste4-Lp |GGACTAGTCTATTGATAACCTGGAGACC |28mer 
|Bam-stel8-Up |GCGGATCCATGACATCAGTTCAAAACTCT |29mer 
|xho-stel8-Lp |GGCTCGAGTTACATAAGCGTACAACAAAC |29mer 
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4.3 Results 
4.3.1 Cloning oiLe.Gpi mdLe.Gyl 
The constructs of Le.Gpl and Le.Gyl were successfully generated using RT-
PCR with their specific primers. After enzymatic digestion with EcoRI and SpeI and 
subsequent purification, the sizes of Le.Gpi and Le.Gyl were analyzed by gel 
electrophoresis showing the size of 950 bp and 270 bp respectively (Fig4.4, 4.5). The 
digested and purified yeast expression vectors pESC-TRP and pESC-HIS, yielding 
complementary stick ends, were electrophoresed in figure 4.6. 
After ligating into corresponding pESC vector, the ligation mixture was 
firstly transformed into E. coli for selection and amplification of corresponding 
recombinant plasmids. PCR screening of randomly selected colonies was 
performed using vector specific primers, GAL10 forward primer and GAL10 reverse 
primer. The expected size of PCR product should be 222 bp plus the original size of 
the insert. Electrophoresis of PCR screening products showed that both Le. Gpi and 
Le.Gyl were successfully ligated into corresponding yeast vector and transformed 
into E. coli (Fig. 4.7，4.8). Both pESC-TRP-Le.Gpi and pESC-HIS-Le.Gyl vectors 
were isolated from each 50 recombinant E. coli colonies. The nucleic acid sequences 
of inserts in the recombinant plasmids were also analyzed, by random selection. 
4.3.2 Yeast transformation 
The constructs ofLe.Gpi 0)ESC-TRP-Le.Gpi) and STE4 control (pESC-
TRP-STE4), and empty yeast vector pESC-TRP were transformed into two yeast 
strains: one is PPY889 yeast mutant which carries defective STE4 genes, another is 
wild type yeast PPY640. The construct of Le.Gyl (pESC-HIS-Le.G/l)’ STE18 
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control (pESC-HIS-STE 18), and empty yeast vector (pESC-HIS) were transformed 
into two yeast strains: on is PPY865 yeast mutant which carries defective STE18 
genes, another is wild type yeast PPY640. Figure 4.9 showed the yeast transformants 
in selective media. Figure 4.10 to 4.13 showed electrophoresis of the PCR 
screening products from PPY889-Le.Gpi, PPY865-Le.Gyl, PPY640-Le.Gpl and 
PPY640-Le.Gyl transformants respectively, indicating that the cloning was 
successful. 
4.3.3 Mating test 
The results ofmating tests showed that both PPY889-Le.Gpl (MATa) and 
PPY865-Le.Gyl (MATa) cannot mate with a yeast tester EY492 ^vIATa) to form 
diploid thus they cannot grow on SD-gal minimal plates (Fig. 4.14, 4.15). The 
positive controls PPY889-STE4 and PPY865-STE18 can mate with EY492 to form 
diploids that can grow on SD-gal minimal plates. The negative controls, PPY889-
TRP and PPY865-HIS can not mate with a tester confirming they contain defective 
STE4 and STE18 gene respectively. 
Over-expression of Le.Gpi and Le.Gyl showed no effect on mating 
behaviors of wild type yeast PPY640, indicated by formation of diploids that can 
grow on SD-gal minimal plates (Fig. 4.16’ 4.17). 
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Fig. 4.4 Electrophoresis of digested and purified PCR product of Le.Gpi, digested 




Fig.4.5 Electrophoresis of digested and purified PCR product of Le.Gyl, digested 
with Eco RI and Spe I restriction enzymes 
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Fig.4.6. Digested and purified Yeast vector (A) pESC-TRP and (B) pESC-HIS, both 
digested with Eco RI and SpeI restriction enzymes. 
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Fig. 4.7. PCR screening o£E. coli colonies containing pESC-TRP-Le.Gy07 
recombinant vector. 
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Fig.4.8. PCR screening of E. coli colonies containing pESC-HlS-Le.G/l 
recombinant vector. 
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Fig. 4.9. Yeast transformants in corresponding selective media. (A) PPY889 
transformed with pESC-TRP-Le.Gpi, designated PPY889-Le.Gpl, in SD-TRP" plate; 
(B) PPY865 transformed with pESC-HIS-Le.Gyl, designated PPY865-Le.Gyl, in 
SD-HIS" plate; (C) and (D) wild type PPY640 transformed with pESC-TRP-LeGpl 
and pESC-HIS-Le.Gyl, designated PPY640-Le.Gpi and PPY640-Le.Gyl, in SD-
TRP and SD-HIS_ platerespectively. 
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Fig.4.10. PCR screening of yeast transformants PPY889-Le.Gpi. 
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Fig. 4.12. PCR Screening ofrecombinant PPY640-Le.Gpi. 
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Fig. 4.13. PCR Screening ofrecombinant PPY640-Le.Gyl. 
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^~ - Control (PPY889-TRP) 
F n + Control (PPY889-STE4) 
Fig. 4.14. Mating test of PPY889-Le.Gpi transformants on SD-gal minimal plates. 
Totally 128 of PPY889-Le.Gpi transformants (MATa) were tested with EY492 
(MATa). No diploid was formed for all PPY889-Le.Gpl transformants and negative 
control PPY889-TRP which contain empty yeast vector pESC-TRP. Only the 
positive control PPY889-STE4 transformants that contain yeast STE4 gene could 
mate with EY492 to form diploids. 
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Fig. 4.15. Mating test of PPY865-Le.GYl on SD-gal minimal plates. 150 of 
PPY865-Le.Gyl transformants (MATa) were tested with a tester EY492. No diploid 
was formed for all PPY865-Le.Gyl transformants and negative control PPY865-HIS 
which contain empty yeast vector pESC-HIS. Only the positive control PPY865-





Fig. 4.16. Mating test of PPY640-Le.Gpi, PPY640-TRP and PPY640-STE4 with a 
tester EY492 (MATa) on SD-gal minimal plates. All could form diploids. 
Transformants on the edge of the plates were reconfirmed to show the same mating 




Fig. 4.17. Mating test ofPPY640-Le.Gyl, PPY640-STE18 and PPY640-HIS with a 
tester EY492 (MATa) in SD-gal minimal plates. All could formed diploids. 
Transformants on the edge of the plates were reconfirmed to show the same mating 
behavior (date not shown). 
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4.4 Discussion 
The results from mating test showed that Le.Gpi and Le.Gyl could not 
functionally complement to yeast STE4 and STE18 gene respectively. Moreover, 
over-expression test oiLe.Gpi and Le.Gyl showed no effect on the mating behavior 
of wild type yeast strain. Since no positive result was obtained in this study, 
discussion will mainly focus on the possible reasons on the results. 
The first possible reason may be that the protein structure of Le.Gpi and 
Le.Gyl is different from STE4 and STE18 protein respectively so that they can not 
complement with each other. Although their amino acid sequences are similar, but 
the functional structure may be different due to different post-translational 
modification. Information on the post-translational modifications of the Gp subunits 
in other organisms is not clear. The Gy subunit was believed to be a relatively diverse 
group which all undergo post-translational modification by prenylation (Marshall et 
• • 
al, 1993; Casey et al, 1994). All nascent Gy contains a common motif Cys-A-A-X at 
the carboxyl terminus. “A” denotes an aliphatic residue, and “X，，can be any residue. 
The nascent Gy will be isoprenylated at a COOH-terminal Cys; a 20-carbon 
geranylgeranyl group is added if“X” is a leucine, otherwise a 15-carbon famesyl 
group is added. Then methylation occurs after removal of the last three amino acid 
residues OSfeer, 1994; Gautam et al, 1998). This modification serves to anchor the 
Gy subunit onto the plasma membrane. STE18 and Le.Gyl contain different “X” 
residue; Leucine in STE18 while Glutamine in Le.Gyl. Therefore, different 
modification may occur and result in different functional structure of Le.Gyl from 
STE18. Incorrect lipid modification of Le.Gyl will affect its membrane binding 
and thus affect its function. Moreover, it was reported that there is specificity of the 
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interaction between Gy and Gp that certain Gp subunits will only interact with 
certain Gy subunits, suggesting different cell signaling regulation (Schmidt et al, 
1992; Watson et al, 1994). Therefore, improper functional structure ofLe.Gpi and 
Le.Gyl in yeast may affect the interaction between Le.Gpl and STE18, and the 
interaction between STE4 and Le.Gyl, resulting in blockage ofsignal transduction to 
downstream effectors. 
S. pombe and S. cerevisiae belong to the same class of Ascomycetes, 
however the pheromone response pathway of S. pombe is different from S. cerevisiae. 
In S. pombe, the input either from a G-protein-couple receptor and the Rasl protein 
can activate the MAPK cascade. Also, in S. pombe, Ga rather than GPy is the 
activator of the pathway (Banuett, 1998). It is not surprising that the mating 
regulation in L. edodes is different from S, cerevisiae. As reviewed by Casselton and 
Olesnicky (1998)，pheromone signal pathway in the Basdiomycetes more closely 
resemble to that in S. pombe’ using Ga for transmitting pheromone signal. Thus, the 
second possible reason may be that the function of Le.Gj31 and Le.Gyl is different 
from STE4 and STE18 respectively. The specificity of Le.Gj31 and Le.Gyl cause 
them not functioning to transmit pheromone signal in S. cerevisiae. Besides, Le.G/3I 
and Le.Gyl may function in other signaling pathways rather than mating regulation 
in L. edodes. 
In addition, instability of L. edodes protein in yeast may cause dysfunction. 
L. edodes and S. cerevisiae are fungi but belong to different Class: L, edodes belongs 
to Basidiomycetes, while S. cerevisiae belongs to Ascomycetes. Improper folding of 
L. edodes protein may occur in yeast system leading to loss of activity or even 
degradation through ubiquitin-proteasome degradation pathway (Varshavsky, 1996). 
Many examples were reported to use complementation or over-expression 
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approach to characterize the functions of homologous genes or isolate related genes 
in certain pathway from a number of organisms (Whiteway et al, 1992; Ishibashi 
and Shishido, 1994; Zhou et al, 1998). However, sometimes it is difficult to use 
heterologous system to characterize the function ofhomologous genes. For examples, 
KFR1 of Tryanosoma brucei and LeMAPK of L. edodes cannot functionally 
complement the fus3kssl yeast double mutant although they share significant 
sequence similarity ^Iua and Wang, 1997; Leung, 1998). It was suggested that the 
diversity and specificity of proteins among different organisms might make the 
complementation test difficult (Leung, 1998). 
In this study, heterologous system was used to characterize the functions of 
Le.Gpi and Le.Gyl. It is difficult to explain why they can not functionally 
complement with homologous genes in yeast because many factors are involved as 
well as the complicated organization and regulation mechanism of living cells. 
Moreover, their mRNA level and protein level in yeast had not been determined in 
this study. Thus further verifications are needed to follow. No matter Le.Gpi and 
Le. Gyl do or do not show similar functions with STE4 and STE18, the functions of 
Le. Gpi and Le. Gyl in L. edodes would still be studied further, especially their effects 
on fruit body development. 
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Chapter Five General Discussion 
L. edodes is an important commercially food which contains high nutritional, 
nutraceutical and pharmaceutical properties. Many researchers have been seeking the 
regulatory system governing the fruiting process of this mushroom, aiming to 
improve the quality and the yield of this mushroom. Fruit body initiation is 
correlated to the increases of intracellular cAMP level (Takagi et al, 1988). Zhang 
and his colleagues found that more mitochondria may be needed during the rapid and 
energy-demanding period of mushroom growth (Zhang et al, 1998). Using RAP-
PCR, Leung and her colleagues (Leung et al, 2000) found that specific signal 
transduction and transcriptional controls may play important roles during initiation of 
primordium and formation of young fruit bodies. So far molecular information of 
fruit body development of this mushroom is still fragmentary. The aim of this study 
is to add more gene information of this mushroom. 
. • • 
Primordium is an important stage which destines the formation fruit body. 
Isolation of genes differentially expressed in this stage may provide useful 
information on understanding the molecular regulation of fruit body initiation. 
Expressed Sequence Tag (EST) was widely used for gene identification in many 
organisms including human, plants, mammals and fungi (Adams et al., 1991; 
Vassarotti and Goffeau, 1992; Takahashi and Ko, 1994; Nelson et al, 1997). To 
efficiently increase gene collection for primordium of L edodes, a cDNA library 
from primordium was generated. Randomly selected cDNA clones with insert sizes 
longer than 500 bp were sequenced from 3'end to generate ESTs. The average size of 
an EST was about 400 to 600 bp, which usually contains enough gene information to 
represent its identity. The identities of ESTs were determined by homologous 
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searching using the BLASTX and BEAUTY program at the BCM Search Launcher 
in the Internet. In this study, about 300 different ESTs were found from about 400 
ESTs. About 56% of the ESTs were found to show moderately to highly significant 
matches to homologous genes, while approximately 44% ofthe ESTs showed weakly 
or even no significant match to previously identified genes. Among genes with 
putative homologs, about 34% are involved in protein synthesis, 21% in metabolism, 
7% in RNA synthesis and 7% in cell defense. Small proportions of the ESTs are 
involved in cell signaling (5%), cell structure (5%) and cell division (1%). 
To identify differentially expressed genes, reverse dot-blot hybridization of 
identified cDNA clones was performed to compare their expression level between 
mycelial and primordial stages. Preliminary result showed that 154 of 235 different 
cDNA clones are differentially expressed. Among them, only 9 cDNA clones (about 
6%) are preferentially expressed in mycelium, while most of them (about 94%) are 
preferentially expressed in primordium. These primordium specific genes are 
proposed to play some roles on fruit body initiation. Moreover, most of genes 
involved in cell communication, cell defense, RNA synthesis, protein synthesis, and 
metabolisms showed higher expression level in primordium. It is suggested that that 
the requirements for cell communication, cell defense, RNA synthesis, protein 
synthesis and metabolism are higher for fruit body initiation. Besides, these genes 
preferentially expressed in primordium may participate in a variety of different 
cellular functions, suggesting that initiation of fruit body is a complicated process 
which is contributed by integral functions of genes involved in different cellular 
roles. 
Formation of primordium is influenced by many environmental stimuli such 
as light density, temperature and air conditions (Komatsu, 1961; Ishikawa, 1967; 
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Leatham, 1985; Royse, 1985). There should be presence of specific receptors to 
sense these stimuli and transmit the signals via specific signaling pathways to 
regulate the fruiting process. Recognizing and characterizing the functions of 
signaling pathways involved in fruiting regulation of L. edodes are thus important for 
controlling its fruiting process. During the EST study, several genes encoding GTP-
binding proteins were isolated. GTP-binding proteins were widely found in many 
organisms and they are involved in regulating a broad palette of cellular events 
including cytoskeletal rearrangements, nuclear import, cellular trafficking and 
receptor-mediated communication (Helms, 1995; Neer, 1994，1995; Kaptein et al., 
1996; Leevers, 1996). The importance of GTP-binding proteins in cellular events 
drives us to focus on their roles in fruit body development of L. edodes. The full 
length cDNA sequences of genes encoding GTP-binding proteins including G 
protein alpha, beta, and gamma subunits, ras-related protein RAB7 and 
developmentally regulated GTP-binding proteins were obtained. They are designated 
as Le.Gccl，Le.Gpl, Le.Gyl, Le.Rab7 and Le.Drg’ respectively. The expression 
pattems ofthese GTP-binding proteins during fruit body formation of L. edodes were 
analyzed either using Northern blot hybridization or Real-Time SYBR Green RT-
PCR. Based on the information of their homologous genes in other organisms and 
their transcriptional profiles during fruit body development o f I . edodes, they roles 
in fruit body development of L. edodes could be implicated. 
Le.Gal was found to be similar to the Gai subclass of the Ga subunits in 
other organisms. Many researches found that all members of Gai proteins function as 
negative regulator for the intracellular level ofcAMP by inhibiting adenylyl cyclase. 
Transcriptional analysis of Le.Gcci found that it is reduced during fruit body 
development, showing the highest expression level in mycelial stage. It is thus 
146 
suggested that Le.Gal may act as a negative regulator for fruit body formation. The 
reduction ofLe.Gal during fruit body development lead to the increase of adenylyl 
cyclase and subsequently increase the intracellular cAMP level. 
The P and y subunits of G proteins always form a stable noncovalent 
complex that acts as a single functional unit (Kaptein et al, 1996). The Py complex 
was found to be activator for transmitting signals to regulate several cellular events 
such as the pheromone signal pathway in yeasts, regulation of the activities of 
adenylyl cyclase types II and IV，phospholipase k^ and C, and muscarine-gated K+ 
channels (Clapham and Neer, 1993). Due to the diverse functions of the py complex 
among different organisms, it is difficult to speculate their roles in L edodes so far. 
Also, because the specificity of the interaction between the p and the y subunits, 
further characterization on the interaction between Le.Gpi and Le.Gyl should be 
carried out to determine whether they can form a functional unit. Transcriptional 
analysis of Le.Gfil and Le.Gyl showed that Le.Gj31 is expressed in the highest level 
in primordial stage, and Le.Gyl is expressed in the highest level in both primordium 
and young fruit body. These results indicate that Le.Gj31 and Le.Gyl play positive 
roles to influence the initiation of fruit body, opposite to the effect of Le.Gal. 
Rab7 is a small GTPase, which involves in membrane trafficking in late 
endosomal compartment. It plays important roles on endocytosis by transporting 
endocytosed substances from early to late endosomal compartment and from late 
endosomal to lysosomal compartment (Feng et al, 1995; Vitelli et al, 1997). 
Transcriptional analysis of Le.Rab7 showed that it is increasingly expressed during 
fruit body development and with the highest expression level in the mature fruit body. 
Higher requirement for Le.Rab7 during fruit body development may be correlated to 
higher rate of endocytic process during fruit body development such as uptake and 
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process more nutrients and membrane binding proteins. 
Le.Drg, the gene encoding developmentally regulated GTP-binding protein, 
is increasingly expressed during fruit body formation and reaches the highest level in 
mature fruit body. In other organisms, developmentally regulated GTP-binding 
proteins were found to be important in growth, differentiation and death of cells (Li 
and Trueb, 2000). Our result also showed that Le.Drg may play important roles on 
fruit body formation especially in formation of mature fruit body. 
To obtain more in-depth information on the functions of L. edodes genes, 
complementation and over-expression tests using S. cerevisiae system were 
introduced. These two methods were widely used to isolate or functionally 
characterize heterogenous genes including genes of fungi and human (Xiong et al., 
1991; Ishibashi and Shishido, 1994; Moorefield et al, 2000). In this study, the 
functions of Le.Gpi and Le.Gyl were studied by cloning into corresponding yeast 
mutant for complementation test and by over-expressing them into a wild type yeast 
strain to test their effects on mating behavior of wild type yeast. The effects of 
Le.Gpl and Le.Gyl on the pheromone signaling pathway of S. cerevisiae were 
determined by mating with yeast of opposite mating type. However, the results 
showed that Le.Gpi and Le.Gyl could not functionally complement yeast STE4 and 
STE18 mutation respectively. Moreover, over-expression test oiLe.Gpi and Le.Gyl 
showed no effect on the mating behavior of wild type yeast. One of the explanations 
for this result is that the functional properties of these two L. edodes proteins may be 
influenced when expressed in yeast system due to different post-translational 
modification. Another possibility may be that the functions of these two L edodes 
genes are different from their homologous yeast genes so that their specificities in 
specific signaling pathways are highly recognized. Other explanation may be due to 
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instability of these two foreign mRNAs and^or proteins in yeast system. General 
speaking, many factors could affect the functions of L. edodes genes in yeast system 
and thus continuing verifications are needed to follow. 
Development of fmit body is a complicated process especially its molecular 
regulation because many genes may be involved. To understand the molecular 
mechanism governing the development of fruit body of L. edodes’ it is required to 
increase gene information of this mushroom, that is to continue to identify genes 
expressed in different developmental stages since gene. In addition, isolation of 
differentially expressed genes is still necessary especially for genes preferentially 
expressed in primordium and mature fruit body because they may play important 
roles in formation of fhiit body. SAGE, RAP-PCR and Microarray are effective 
methods to achieve this purpose. Moreover, fruit body formation is influenced by 
many environmental factors. Studying the relationship between environmental 
stimuli and their induced genes in transcriptional level and in protein level may 
provide useful information on understanding the molecular mechanism of the 
development of fruit body. A reasonable numbers ofESTs were isolated in this study. 
Further characterization of their expressions responding to different environmental 
conditions such as in different temperature conditions and light densities is important 
to elucidate their possible roles on the development of fruit body. Moreover, 
construction and characterization of fruiting related signal transduction pathways in 
L. edodes may also provide useful information to understand its fruiting regulation. 
To construct a certain signal pathway, elements within the signal transduction 
pathway are needed to found out. Based on the information of isolated genes that 
may involve in certain signal transduction pathway, other components within the 
same signal transduction pathway can be isolated. For example, genes encoding G 
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protein a, p and y subunits were isolated in this study, their upstream receptors and 
downstream effectors can be identified using yeast two-hybrid system. Moreover, the 
enlarged database of ESTs would be helpful to identify related elements within the 
same signal transduction pathway. 
Studying the in vivo functions of genes of L edodes relies on the 
development of an effective transformation system for L. edodes. The examples of 
yeast complementation tests ofLe.MAPK{hQung, 1998), Le.Gpi and Le.Gyl showed 
that heterologous functional test is not always working. Moreover, only limited 
information is obtained even yeast complementation test is successful. Recent 
researches on mushrooms found that restriction enzyme-mediate integration of 
plasmid DNA (REMI) is the most effective transformation system for mushrooms 
comparing to the conventional methods such as PEG method (Sato et al, 1998). 
Improvement of construction of mushroom expression vectors is also in progress 
such as using L edodes ras gene as promoter, L edodes priA gene as terminator, and 
E. coli hygromycin B phosphotransferase gene as selective marker (Sato et al” 1998). 
After establishing an effective transformation system for L edodes’ functional 
studies and transgenic applications of its own genes will be reliable. 
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